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THE FUNCTIONS OF THE NERVES IN LUNGS AND THORACIC WALD 

CECIL K. DRINKERS 

As knowledge of the physiology of breathing has accumulated, and the increase 
in the past ten years, accelerated 1 ) 3 ' the man}' practical problems arising from 
the war, has been'v'eiy rapid, it has been m 3 '- experience that our realization of the 
complexit 3 ' of the process has been vastl 3 ' augmented. 

Nothing is of such fundamental importance to living creatures as a free and 
constant supply of ox 3 'gcn. The single source of this indispensable element is the 
air. It is not surprising that, as Icnowledge advances, it is found that more and 
more mechanisms in the body possess the means of asserting their need for oxy- 
gen. In some c.asos, this need is far greater than in others. Some of the cells of 
the cerebral cortex, for axample, are damaged irreversibly by seven to ten min- 
utes of complete anoxia. In other regions, such as the intestines, over half an 
hour of deprivation of ox 3 ’'gen may fail to cause permanent harm, though for a 
time the tissue ma 3 ' be quite abnormal. 

There is a center for breathing, a bilateral collection of nerve cells in the lower 
part of the pons and in the upper two-thirds of the medulla. This is true for 
man and for the dog and cat. The cells in this grey reticulum are connected 
synaptically, f.c., their fibers are not continuous. The nerve impulses pass from 
one fiber to another by the peculiar contactual arrangement which Foster and 
Sherrington (1) called the synapse. Sherrington (2), in his lectures on the inte- 
grative action of the nennus system, one of the great classics of modem physi- 
ology, show'ed many of the consequences to nerve impulses transmitted through 
contacts, i.e., with an interface between the conducting fibers, as contrasted with 
conduction along an unbroken axone. He did not realize how much further his 
conception would progress as the newer methods of physical chemistry began to 
be used in analyzing phenomena mediated through nerves. For example, all of 
the newer studies of the transmission of nerve impulses from one nerve fiber to 
another, and from the ending of the fiber to the muscle or gland cell controlled by 
it, depend upon the existence of interfaces. At this site chemical and physical 
changes can occur without affecting the size or character of the impulse conducted 
by the axone. 

The physiology of breathing owes much of its complexity to the fact that man 
has developed through a vast series of simple animals, living first in water, then 
partially in water, and only in comparatively recent years upon the land alone. 
In this evolution, the essentials of the forsaken water existence have been taken 
along in the body fluids. When life first began, the atmosphere was heavily 
loaded with carbon dioxide, and the solubility of this compound in water assured 

^ Presented in a postgraduate course in thoracic diseases sponsored by the American 
Trudeau Society, in cooperation with Duke University School of Medicine and University 
of North Carolina School of Medicine, at Durham and Chapel Hill, North Carolina, March 
22-27, 1948. 

* Chestnut Hill, Massachusetts. 
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the necessity of living in an atmosphere very rich in COj. Carbon dioxide is 
vitally necessary to us, and is a constant excretory product of all living createes, 
who must have oxygen to utihze the food they assimilate. It is not surprising to 
find that mammalian blood in land animals carries about 48 cc. of carbon dioxide 
combined vdtlun it in various ways. Of this amount, at sea level, only 3 cc. are 
dissolved in the plasma. Ten to 15 cc. are combined vith the hemoglobin of. the 
red cells, and the rest is carried as bicarbonate in relatively fixed condition. Yet 
even this last carbon dioxide, released ver5’- slowlj’- and inadequately from bicar- 
bonate in vacuo, is liberated freely and rapidly through the action of an enzjnne, 
carbonic anhydrase, found in the erytlwocytes. Land-dwelling man is thus not 
so far removed from his carboniferous forbears as may seem to be the case; and 
it is not surprising that so diffusible a gas as carbon dioxide takes part in stimu- 
lating breathing. At the same time, it has been shown that, if the breathing of 
a mammal is made to depend solely upon carbon dioxide stimulation of the respir- 
atory center by section of all the afferent nei'ves to this dominate collection of 
nerve cells, breathing becomes incoordinated and the ability to increase and de- 
crease ventilation smoothly and effectively is lost. Under such chcumstances, 
the land-dwelling mammal becomes as sluggish and helpless as was his remote 
ancestor, who lived in the carbon dioxide-rich sea or upon the moist shores where 
the atmospheric carbon dioxide was extremely high. 

These facts make it essential to examine the effects of nerv'es on breathing. 
The information thus gained has obvious place in understanding what occurs in 
inflammatory diseases of the lungs, such as pulmonary tuberculosis. The lungs 
contain nothing reactive to nerve impulses except smooth muscle in the bronchi- 
oles and blood vessels, and the glands found in the bronclual epithelium. 
Whether ciliary action, so important for movement of bronclual secretion, is 
under extrinsic nervous control is not known. In all probability, ciliary action 
is dependent on chemical changes in the blood and on substances applied directlj*'. 
Anesthetics, such as chloroform, and sedatives depress ciliarj’- movement and 
hence delay bronchial excretion. Small amounts of ether, ethylene, and alcohol 
apparently stimulate ciliary action (3). The subject is of considerable practical 
importance and merits more study than it has received. 

The lung tissue contains a very large amount of smooth muscle, not onlj* in the 
bronchi, bronchioles, and blood vessels, but also in the pleura. This smooth 
muscle is particularly prominent in the guinea pig (4), and probably accoimts for 
the extreme, sensiti^^ty of this animal to anaphjdaxis as expressed in lung phe- 
nomena. 'While smooth muscle in the pleura is not so prominent in man, it is 
present as extensions from Ijmphatics and blood vessels, and the sensithity of 
man to anaphylactic shock, as evinced through the lungs, is second only to the 
guinea pig. 

The lunp of all mammals possess a huge margin of safets"— that is, they are 
large enough to provide oxygen while at rest and again during the most severe 
muscular exercise. It deserves comment that the ability of the lungs to operate 
at very different aze is a characteristic of organs containing a large amount of 
smooth muscle and elastic tissue. 
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The nerves of the lungs are both afTerent and efferent, and arise from the vagi 
and from the sympathetic or thoracic division of the autonomic nenmus system. 
Lanseli (5) found vasomotor ncn’cs in the pleura distributed along branches of 
the pulmonary artery, and also larger fibers ending near the pleural surface. The 
latter fibers are possiblj' afferent in function (G). 

TIic lung nerves with which we are most familiar are the vagal and sjunpathetic 
fibers ending in the bronchi, bronchioles, atria, and blood vessels. Each lung 
receives an equal suppl}’’ from each source, and, in addition, the bronchial walls 
contain many ganglion cells with fibers arranged as a sort of nerve net, not unlike 
the ple.\uscs of Auerbach and Meissner in the intestine. The function of these 
intrinsic nerves is not kno^^^l, but certainlj"^ their presence makes complete dener- 
vation of the lungs quite impossible. 

The jieculiar gelatinous secretion produced bj* asthmatic patients and the more 
watery mucoid secretion familia!- in pulmonaiy inflammation are formed bj"^ cells 
in the bronchial mucous membrane plus a protein-containing transudate from 
the capillaries in the bronchi. It may well be that swelling of the bronchial 
mucosa and acti^•e secretion from the bronchial glands arc under nervous control. 
No one has been able to demonstrate this, however, though the fact of abnormal 
secretion is familiar enough clinicall}'^ (7, 8). 

In connection with swelling and hyperemia of the bronchial mucous membrane, 
it must be rememljered that the bi-onchial arteries are typically systemic vessels. 
The}' follow the bronclii and branch into diffuse capillary nets in the tunica 
propria of the Ijronchioli. These capillaries end before the alveoli are reached 
and are not concerned with respiratory e.xchange. At the end of the bronchiolus, 
they join capillaries from the pulmonary artery. True bronchial A'eins are found 
at the liilum of the lung, where they deliver their contents to one of the azygos or 
intercostal veins. Anastomoses between the pulmonary arterioles and bronchial 
arterioles apparently do not exist. This arrangement is fortunate, for the higher 
pre.ssure in the bronchial arterioles would give these vessels a commanding posi- 
tion in the delivery of blood to the alveoli and, as their blood is arterial, nothing 
physiological would be accomplished. Capillary anastomoses between the two 
circulations mean simply the mixing of systemic A'enous blood and that from the 
bronchioles, with resultant oxygenation of the entire supply. 

It is also apparently true that the vasa vasorum of the pulmonary artery are 
derived from the bronchial arteries. 

Wounds of the larger branches of the bronchial arteries, owing to the high pres- 
sure of the blood within them, are very serious and may result in fatal hemorrhage 
or in a dissecting hemorrhagic infarction extending to the pleural surface. 

In summary, what one must remember is that, in addition to the low pressure 
pulmonary circulation, the lungs possess an extensive systemic pressure circula- 
tion capable of all the reactions seen in systemic arterioles and capillaries all over 
the body. Thus, if bronchial irritation occurs, dilatation of arterioles and capil- 
laries with increased leakage and swelling of the tissues may be expected. Such 
familiar vascular phenomena are now spoken of as reactive hyperemia, and are 
certainly of major importance in dealing with infection; but no one can say 
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whetlier the vastlj’’ larger pulmonary circulation is capable of an}’’ such reaction. 
Indeed, aside from the facts that in abnormal conditions in the lung, such as are 
found in bronchopneumonia, the arterioles and capillaries in the affected region 
are possibly dilated and are certainly hyperpermeable, little is Imonm about the 
reactivity of the finest branches of the pulmonary artery. 

THE VAGUS NERVES 

Figure 1 is a diagram of vagus and s3Tnpathetic fibers as the}’’ form the posterior 
pulmonary plexus and are distributed to the lungs (S). There seems little doubt 




Fig. 1. Schematic representation of the participation of both the sympathetic and the 
vagus fibers from the same side and from the opposite side in the formation of the posterior 
pulmonary plexus (according to Braoucker’s experiments). From Phillips, E. W., and 
Scott, W. J. M., Arch. Surg., 1929, 19, 1430, 

Fig. 2. Free nerve ending in wall of atrium. From a child eight months old. X B4G. 
Prom Larsell, O., and Dow, R. S., Am. J. Anat., 1933, 53, 139. 

that both vagus and sympathetic fibers are afferent and efferent. The difficulty 
in unraveling the functions of the two systems resides in the task of separating 
the fibers for functional analysis. 

There is no doubt that stimulation of the distal end of one vagus results in con- 
striction of the larger bronchi and broncliioles, most pronounced on the side 
stimulated, but not absolutely limited to it. Furthermore, after vagal section, 
paralytic dilatation of bronchioles occurs, but is not persistent. 

The efferent vagal fibers distributed below the larynx are constrictor for f he 
bronchial and bronchiolar musculature, and possibly activate the bronchial 
glands. None of these functions is actually respiratory, as neither set of endings 
takes part in the respiratory act, although both may modify it seriously and do 
so under pathological conditions. 
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The vagal respiratory impulses which take part in controlling breathing are 
afferent. They have their origin in nerve endings in the most distensible part 
of the alveolus, ix., the walls of the alveolar ducts and atria just at the opening 
of the alveolus. The tissue carr3dng these endings is extremely thin and is at the 
very beginning of the respiratory part of the lobule. Figure 2 displays the spe- 
cialized nature of these receptors. Adrian (9) in 1933 accomplished the difficult 
technical feat of isolating four, and even one vagus afferent fiber in the cat. He 
was able to measure the passage of nerve impulses in these simplified trunks by 
determinations of changes in potential. He found that, on inflation of the lungs, 
impulses start from the receptors in the alveolar ducts and atria and pass to the 
respiratory center where they inhibit inspiration. If the lungs are kept inflated, 
these inhibitory impulses continue to flow to the center. If carbon dioxide 
accumulates sufficiently as a result of apnea or if serious oxygen lack develops, 
however, the center will break through and inspiration will occur in spite of the 
continuous inflow of inhibitory impulses. 

■ When the lungs are deflated past their ordinary extent, a second set of impulses 
passes up the vagi, again from receptors practically in the alveoli, and these im- 
pulses excite inspiration. Such fibers go into action when a lung is collapsed by 
pneumothorax and account in part for the immediate hyperpnea which may 
attend such an experience. The possible utility of these fibers in resuscitation 
is made much of by Thompson and Bimbaum (10), who found that dogs which 
had ceased to breathe could be revived by blo%ving nitrogen into the trachea and 
sucldng it out again so as to overdeflate the lungs. On the basis of this experi- 
ence, they advocated devices for resuscitation which blew air into the nose and 
mouth through a tightly fitting face mask, and sucked it out on the suction stroke 
of the pump used for artificial respiration. 

The modem conception of the respiratory center is that it is a bilateral collec- 
tion of nerve cells, axones, and dendrites, constantly discharging nerve impulses 
to the muscles of respiration. Lacking any inflowing nerve impulses, the re- 
spiratory muscles are forced into tetanic contraction (11, 12). As respiratoiy 
inflation proceeds, more and more inhibitory impulses bombard the center, and 
eventually inspiration passes over into passive expiration. In addition to the 
main volley of inhibitory impulses arising from the lungs themselves, inhibitory 
impulses reach the main or medullary part of the respiratory center from the 
pontile part of the structure. The latter impulses seem to be of less effectiveness 
than those from the lungs. 

It is of interest that the stimuli which stop inspiration and result in rhythmical 
breathing are caused by inflation of the lungs. In my opinion, this effect can be 
accomplished, not only by inspiratory inflation, but also by any influence which 
stretches the alveolar walls abruptly and tends to hold them in this position. 
Thus, rapidly developing pulmonary edema caused by alpha-naphthyl thiourea 
(antu) (13), which induces thickening and relative inflexibility of the alveolar 
walls, results in hjperpnea. The center continues to send impulses to the re- 
spiratory muscles and the formation of impulses in the lungs is not restrained on 
accoimt of the constant size and condition of the alveoli. As a consequence, in- 
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creased breathing becomes inevitable. Similarly, the diffuse blocldng of pulmo- 
nary capillaries by intravenous injection of starch solution checlcs capillary blood 
flow, and splints the alveoli in a fixed and expanded position. Again hyperpnea 
results. Walsh (14), the last observer of this reaction, noted that the hyperpnea 
did not occur if the vagi were divided. He used Adrian’s methods for detecting 
afferent vagal impulses in isolated fibers, and came to the conclusion that impulses 
arising from receptors in small branches of the pulmonary artery im'ght be re- 
sponsible for the increased breathing. Thus, the problein is unsettled. In any 
event, conditions producing hyperpnea by mechanical swelling and the stretching 
of alveolar walls must act abruptly and continuously. I’lTien, as in cardiac fail- 
ure, effects upon the lungs develop slowly and are complicated by changes in the 
oxygen content and hydrogen ion content of the blood, one cannot expect the 
abrupt onset of hs^ierpnea seen in such experiments as have been cited. 

What has been described is essentially the Hering-Breuer reflex (15), very 
troublesome to medical students and to physicians interested in the control of 
breathing since the reflex was described in 1868. The respiratory center is es- 
sentially inspiratory, and is inhibited by impulses passing up the vagi as the lungs 
are distended. A second bilateral collection of cells in the center excites inspira- 
tion when the lungs are overdeflated. 

In addition to these two sets of vagal endings, sensory fibers in the trigeminal 
and glossopharjmgeal nerves and in the vagi are distributed to the mucous mem- 
brane of the pharynx, larynx, trachea, and bronchi. Wlien these fibers are irri- 
tated, a large inspiration, followed by a violent contraction of the muscles of 
expiration, i.e., a cough, is produced. It is noteworthy that the endings supply- 
ing afferent impulses resulting in cough are readily affected by anesthetics, while 
those concerned with the maintenance of breathing are resistant to anesthesia 
and to respiratory depressants. Also, it is important to realize that the normal 
nervous effects on breathing are due to changes in alveolar size. Irritant gases, 
such as ammonia or chlorine, cause cough. Inert asphyxiants, like nitrogen and 
hydrogen, however, have no more effect on breathing than does air, until the 
blood begins to be poor in oxygen and rich in carbon dio.xide. There is no evi- 
dence that cough is caused by secretions in the finest bronchioles, alveolar ducts, 
atria, and alveoli. Coughing begins when secretion has moved up out of the re- 
spiratory part of the lobule. 

The question as to whether pleural endings initiate cough is often asked. It 
is doubtful if they do. The visceral pleura and lungs are practically insensitive 
to pain. The parietal pleura, innera'ated by the intercostal nerves, is intensely 
sensitive. When a patient has a pulmonary embolus and experiences an infarct 
which involves the visceral surface of the pleura, transudation of plasma to this 
surface occurs promptly, and the fibrinous coating begins at once to stick to the 
parietal pleura and to cause typical pleuritic pain on breathing. Cough begins 
later, and in the presence of the pleurisy may be exceedingly distressing. It 
means the movement of bloody exudate out of the infarcted area into bronchioles, 
and eventually into the sputum. Cough, under these circumstances, is asso- 
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cifttcd with pleural involvement, but docs not arise through a reflex originating 
in the pleura. 

I am familiar with few direct studies on cough. Chevalier Jaclcson (16), in a 
bronchoscopic report upon cough, found about wliat one would e.\pcct. If an 
irritant was applied to the bronchial mucous membrane, cough occurred. If the 
excitant was not moved nor the intensity of stimulation increased, the expiratory 
reflex, t.c., the cough, slowlj'^ ceased. 

When it is understood that the respiratory center is automatically active in the 
constant discharge of impulses leading to inspiration, and that the cause of tliis 
automaticity resides in the metabolism of the cells that comprise the center, the 
physiological situation which results is not surprising. Nerve impulses from 
many parts of the bod}’’ affect the breathing rate and depth, but they do not 
initiate in-spiration. In this connection, it has been found that hard muscular 
e-xcrcisc induces a degree of breathing far greater than can be attained by inhala- 
tion of carbon dioxide or an}'' respirator}' stimulant (17). Tliis type of stimulus 
for respiration apparently arises from receptors in the muscles and is quite inde- 
pendent of carbon dioxide production, oxygen lack, hydrogen ion concentration, 
or any of the conventional causes of h}'perpnea. 

THE SI'MPA’THETIC NERVES 

It is taken without question that, where parasympathetic fibers, such as the 
vagal and sympathetic fibers, innervate the same smooth muscle, they will act 
oppositely. So far as the lungs are concerned, this principle is confused. One 
would expect to counteract abnormal broncliiolar constriction, presumably pro- 
duced through the vagi, by injections of adrenin or an}' of the drugs which stimu- 
late the sympathetic nen'ous system. Every one Imows that within reasonable 
limits tliis is true. In order to illustrate the confusion now controlling our ideas 
of the finer reactions within the lungs, however, I must point out that stimulation 
of the sympathetic components of the posterior pulmonary plexus causes an 
appreciable degree of bronchoconstriction, just as results through stimulation of 
of the vagi. No doubt the complicated and extensive relations in this plexus 
account for some of the contradiction which exists. The facts seem to be that 
adrenin, ephedrine, and sympathetic mimetic drugs act upon the neuromuscular 
motor endings in the lungs, just as they do elsewhere. Consequently, one may 
rely upon injections of adrenin to relax bronchoconstriction in an asthmatic 
attack. 


THE BLOOD FLOW THROUGH THE LUNGS 

As the functions of the pulmonary alveoli are to deliver oxygen to the blood 
and to remove carbon dioxide from it, the control of the pulmonary circulation 
is a major factor in respiration. The lung capillaries are arranged as a net about 
the alveoli through which the blood flows in a sheet. The individual capillaries 
are exceedingly short and sufficiently wide for two corpuscles to move through 
abreast. There are no long independent vessels. The arrangement is beauti- 
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fully adapted to receive all the blood that is thrown into it by the right ventricle 
and, no matter what course a red cell takes through the net, the opportunity for 
gas exchange is the same. The capillary surface area available in the lungs is 
huge, about 140 sq. M. The alveolar area for gas exchange is smaller, 90 sq. M., 
and the total number of alveoli in man is estimated to be about 750,000,000. At 
rest, about one-twentieth of their surface is used. 

These data, coupled with the extreme elasticity of the lungs, lead us away from 
conceptions of the circulatory regulation which operates upon the systemic side. 
The left ventricle is a powerful muscular pump, and it drives blood into a circula- 
tion which is essentially a system of shunts. Thus, if we e.xercise vigorously, the 
arterioles and capillaries in our legs dilate and vessels which have been com- 
pletely closed open to conduct blood. At the same time, similar vessels in the 
abdomen become constricted, thereby pro\nding a suitable volume of blood to 
take care of the active regions. Such adjustments of the circulation are under 
the control of the vasomotor fibers of the sympathetic system. There is also in 
the capillaries and smallest arterioles provision for adaptive change in caliber 
independent of vasomotor regulation. This type of vascular change permits 
local increase in blood supply when the tissue involved is active. Thus, ICrogh 
(18) showed that resting abdominal muscle in the guinea pig contained 70 to 92 
capillaries per sq. mm. which were open and carrying blood. The diaphragm, 
contracting normally at the time of the death of the animal, had up to 2,700 open 
capillaries per sq. mm. Richards and Schmidt (19) showed that the number of 
patent glomeruli in the kidneys of frogs varied from time to time, and that the 
open capillaries !n a angle glomerulus might increase in number during active 
diuresis. 

Therefore, whenever the actmties of a tissue require more blood, not only is a 
freer supply shunted to it by vasomotor adjustments, but the vessels in the tissue 
involved undergo a receptive dilatation. Capillaries, hitherto closed, open, so 
that a maximum worldng efficiency is assured. This statement has not been 
proved for all tissues, but is a fairly safe generalization. 

Similarly, if a region in the sldn is touched with a hot needle, pricked with a 
pin, or if for any reason a minute focus of infection begins to develop, all of the 
capillaries in the region involved become open for blood flow’^, and individual 
vessels dilate to an obvious degree. 

In each of these examples, a part of the s 3 'steniic circulation has required more 
blood. The vessels coooperate in pro\iding blood quite outside the reactions of 
the vasomotor system. There are undoubtedlj' many causes of vasodilatation. 
There are S 3 unpathetic vasodilator ner\’-es, and acid metabolites cause relaxation 
of arterioles and capillaries. The best explanation, however, of the sharply de- 
fined dilatation seen in inflammation and in circumscribed local activity is the 
axone reflex. In essentials, this reflex does not involve the spinal cord. It de- 
pends upon the existence of pain receptors, c.g., in the bronchial mucous mem- 
brane, in which originate impulses that travel towards the cord and are inter- 
preted as pain. The axones carrying these impulses branch and twigs carrying 
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impulses are supplied to the nearby arterioles and capillaries, which consequently 
dilate.. 

There is no doubt in my mind that axone reflexes account for inflammatory 
reactions in the nasopharynx, lar3mx, trachea, and large bronchi. These regions 
are supplied by the systemic circulation and they are highly sensitive to pain. 
There is no doubt that the painful onset of a trachitis or bronchitis, mth swelling 
of the mucous membrane and transudation of wateiy fluid, is highly typical of 
axone reflex causation. 

The explanation of these useful changes in blood supply is still a matter for 
controversy. Thomas Lewis (20) believed that exercise, heat, cold, pain, irrita- 
tion of any sort, caused the elaboration in the tissues of an H substance, which 
acted directly on the capillaries. A little later the discovery and exploitation of 
histamine provided a compound ideally ordered to act upon blood capillaries so 
as to produce the changes we call inflammation. Histamine proved to be a com- 
pound readily formed in most parts of the body. It was rapidly destroyed, but, 
while present, dilated blood capillaries and made them much more permeable. 
It also contracted arterioles, but this action varied in different animals. Best, 
Dale, Dudley, and Thorpe (21) recovered histamine in large quantities from the 
lungs, particularly of guinea pigs. In these animals, the constrictor effect of his- 
tamine on the bronchioles can readily be great enough to kill if even a very small 
intravenous injection is given. As histamine acts upon systemic arterioles and 
capillaries, it is reasonable to expect that it would affect the vessels of the bron- 
chial mucous membrane, which are systemic in origin. The previously men- 
tioned axone reflex mechanism in inflammation of the bronchi and bronchioles is 
a mechanism in which histamine has a part. 

No one can say in what tissues of the lungs histamine arises, but certainly the 
commanding effects of the compound are exerted upon the bronchioles. As one 
of the effects of histamine is to increase capillary permeability, one might expect 
it to be a prime cause of pulmonary edema. Another circulation is involved in 
pulmonary edema, however, and the respiratory pulmonary capillaries are quite 
separate from the systemic supply to the bronchioles. On stimulation of the 
vagal and sympathetic nerves to the lungs, effects upon the bronchi are readily 
elicited, but this is not true of the pulmonarj’’ circulation. Adrenin injections 
and sympathetic stimulation may be shown to cause a trifling degi’ee of constric- 
tion of the true lung vessels. The effects are very insignificant, however, and 
one is left with the impression that the circulatory bed of the lungs is large 
enough to take care of all the blood supplied by the right ventricle. Moreover, 
the diffuse net of capillaries which surrounds each alveolus is so extensive and so 
evenly placed that it makes no difference which branches in the net are conducting 
blood. 

If the lung capillaries possess independent capacity to close and open, we should 
expect histamine to affect the pulmonary circulation to a marked degree. This 
has not been sho^vn to be the case, unless at the same time constriction of the 
bronchi occurs (22). The most that can be said of the effects of histamine on the 
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pulmonary circulation is that it has a slight constrictor effect on the pulmonary 
arterioles. This action is enough to cause a trifling rise in pulmonary blood 
pressure, but the more important effects, capillary dilatation and increased 
capillary permeability, have not been shown to take place. Efforts have been 
made (23) to show that the lung capillaries have independent powers of contrac- 
tion and relaxation similar to the systemic vessels. Such experiments have re- 
quired direct visualization of the alveolar capillaries in mammals. Thus far, the 
results have not been convincing for there is no assurance that the output of 
blood from the right ventricle remained unchanged when the pulmonary vessels 
under observation conducted or failed to conduct blood. 

The issues involved are not academic in the least. It should be emphasized 
that, in the final analysis of the pulmonary circulation, there is as yet no reason 
to believe that the pulmonary capillaries behave like those in the systemic circula- 
tion. Thus, it cannot be said with certainty that inflammation, as it progresses 
in areas of the lungs serviced hy the pulmonary circulation, behaves in the same 
way as inflammation in regions of the systemic circuit. In the bronchi and 
bronchioles, where the circulation is systemic, expectations of a characteristic 
active hj^peremia will be realized, as in the skin and other regions. In contrast, 
the course of physiological events following injury or irritation to an alveolus is 
still unkno^vn. It is not established whether the respirator 3 '' circulation to the 
area is shut off, becomes more active, or is unaffected until progress of the injury 
causes actual harm to the tissue. 

The active hyperemic reaction of inflammation is one of our oldest physiologi- 
cal experiences. I believe that this reaction is quite as normal as the secretion of 
gastric juice, but, because the hyperemia reaction so often goes noth destructive 
phenomena, it is relegated to the mercies of the pathologists. We need to know 
the first physiological reactions which occur when an irritant invades an alveolus. 
At the present time our Imowledge does not provide such information. 

There is a final point in regard to independent adaptive changes in the lung 
capillaries. Whenever such changes occur in the systemic circulation, their 
purpose is to provide the area in question noth more arterial blood. The lungs, 
however, are the arterializers. They furnish the blood with OKj^gen just as effec- 
tivelj’^ as the right ventricle is filled with venous blood and pumps it through the 
lung capillaries. There is no question of greater need for blood in one section of 
normal lung over another. It is only when alveoli are subject to infection or irri- 
tation that one may think an increased supplj' of blood would be advantageous. 
As mentioned previously, however, there is no evidence that the pulmonary 
capillaries and arterioles display the characteristic features of inflammation seen 
in the systemic vessels. It is to the vessels in the bronchial walls and in the 
larger pulmonary blood vessels that one must look for the usual findings of reac- 
tive h 3 q)eremia. 

Where the capillaries from the bronchial artery join the true pulmonary capil- 
laries, i.e., at the beginning of the respiratory part of the lobule, there is a vascular 
region which is peculiar in that the S3’'stemic bronchial vessels connect suddenly 
with a vastly greater capillary bed than their o^vn size and number warrants. It 
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is probable that at the point of anastomosis the bronchial circulation slows to a 
considerable degree. MUler (4) suggests that such a slowing of the circulation 
might be the reason that this transitional circulatory zone is a favorite site for the 
development of tubercles in both experimental and human infections. 

THE THORACIC WALL 

The nerves underlying the thoracic pleura arise mainly from the intercostals 
and are characterized by their gi-eat sensitivity to pain. They take no part in 
the normal physiology of breathing, but become an extreme source of distress in 
pleurisy and particularly in carcinoma, -when the apex of the lung is involved. 
In this latter case, section of the posterior roots of the nerv'es concerned may be- 
come necessary. The usual pain of pleurisy is experienced during breathing. 
The region involved is moved as little as possible by the patient, but I know of no 
reflex cause for reducing the motion of an affected side of the chest. The patient, 
by remaining very quiet, reduces his total ventilation as much as possible. 
Movement of the inflamed region is further restricted by lying upon it or by 
strapping. 


GENERAL CONSIDERATIONS 

In the preceding material, an attempt has been made to describe the nen'esand 
the functions of the neiwes in the lungs and thoracic w'all. This descriptive effort 
may be summarized as follows: 

1. The motor, or efferent, nerves to the lungs are vagal and bring about 
bronchoconstriction when stimulated. 

2. There is evidence, w'hich is never very striking, that vasomotor nerves 
reach the pulmonary arteries and cause both constriction and dilatation. In no 
case are these effects marked and the lack of vasomotor innen'ation of the lung 
vessels does not mean functional inadequacy. The pulmonary circulation is ap- 
parently organized to accept the output of the right \'entricle, whatever it may 
be, rather than to achiei^e delicate adjustments of blood flow such as localized 
necessity for oxygen may demand. 

3. The major inherent innervation of the lungs is afferent and is concerned with 
the maintenance and adequacy of rhythmical breathing, ^’agal receptor end- 
ings are found at the beginning of the alveolar ducts and atria. Impulses from 
these nen'^es inhibit inspiration, and expiration follows. There are other recep- 
tors in the same biological areas ivhich induce inspiration if the alveolar ducts 
and atria have been overcollapscd. 

4. Powerful expiratorj' effects — cough — are the result of sensorj' endings in 
the bronchial mucous membrane, and these receptors become fewer and fewer ns 
the smallest bronchioles are reached. These endings are readily fatigued and 
anesthetized. In patients they arc more evident and troublesome if the stimulat- 
ing foreign body in the bronchus is movable and so contacts frosh .<^cn.>^ory 
endings. 

5. The lungs themselves arc very insensitive to pain, but the p.ariclal plcum 
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is highly sensitive, and it is from this region that pain in pulmonary disease is 
usually derived. 

These seem to me to be the main functional effects of the lung nerves, i.c., the 
nerves arising in or acting vnthin the lungs themselves. It would be unfair to 
the development of our knowledge, however, if I failed to discuss certain relations 
of the breathing mechanism with outside influences, relations which even a few 
j^ears ago were not suspected and which may have place in the pathogenesis of 
lung disease. 

First of all, it is well known that pain stimulates breathing. There does not 
seem to be anything specific about tliis phenomenon. A liea\y inflow of pain 
stimuli alerts the entire receptive sensory apparatus, and it is not surprising to 
find that the respiratory center reacts more readily than in normal quiet con- 
ditions. 

Added to the simple matter of pain are much more definite reflax effects. 
These correlate events in the circulatory and respiratory systems most advanta- 
geously for the individual. It is strange that so many years had to pass before 
the interdependence of breathing and circulation was realized and a mechanism 
for correlation of the two systems discovered. About twenty years ago, it was 
found that accessions of pressure, particularly if experienced suddenly in the 
arch of the aorta and in the carotid artery just before it enters the slcull, caused 
reduction, or even cessation, of breathing. The nerve endings or pressure recep- 
tors, through which these alterations in breathing are mediated, were found to 
transmit impulses to the respiratory center bj’ the depressor nerx^es from the 
aortic arch, or by nerv-es from the region of the division of the carotid arteries, the 
carotid sinuses. 

The effects of the pressure receptors on breathing were, however, soon over- 
shadowed by those discovered to be due to chemoreceptors in the same regions. 
As time passed, it became clear that in the aortic arch and in the carotid sinuses 
there were nerve endings which, on rise of blood pressure, caused diminution of 
breathing and reduction of blood pressure. These effects were mediated through 
the respiratory and vasomotor centers. Similarl}^ if blood pressure fell ab- 
ruptly, the influence of these pressure receptors was to increase breathing and 
blood pressure. These effects were not, however, so important as were those 
found to depend upon nerv’e endings in the same region, which responded to 
chemical stimuli, particularly oxygen lack. 

The nerves from these outlying regions which affect breathing are not in the 
lungs and so are outside m3' subject. The actions of these ncn'cs have been ex- 
amined so extensively and with such enthusiasm that the aortic arch and carotid 
sinuses have come to be regarded virtuall}’ as accessoy respirafor3' centers. It 
is onl}' natural that, in the interpretation of both clinical and e.\-perimcntal ob- 
6er\'ations, an attempt should be made to ascribe effects upon lung capillaries and 
bronchioles to reactions originating in these new foci which enter the regulation 
of breathing and blood pressure so potentb’. Naturally, the issues which have 
come under discussion arc not those of lung infection, but arc concerned with 
the development of lung edema, p.articularly lung edema which comes suddcnl3'. 
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Recently, for example, Luisada and Samoff (24) have given huge intra-arterial 
injections of salt solution to anesthetized dogs, "RTien the infusions were via 
the carotid artery, so that the carotid sinus was immediately involved, pulmonary 
edema resulted. In contrast, when similar volumes of salt solution were given 
intravenously, pulmonary edema rarely occurred. These investigators believe 
that the permeability of the lung capillaries is under nenmus control and can 
be affected through the carotid sinus. The idea is interesting, but, as it requires 
postulating a novel control of the pulmonary circulation, it must be subjected 
to much hard thought and exacting experiment. 

It is far outside my subject to go further with these effects of nerves on the 
lungs which are mediated from various remote parts of the body. I have at- 
tempted to present the direction in which physiological research upon the lungs 
progresses. The complexity and delicacy of the lung tissue have made direct 
experiments difficult and unconvincing. Nevertheless, the great advances in 
anesthesia, in knowledge of breathing, and in the adroit surgical manipulation 
of lung tissue, make me feel confident that within a decade we shall progress 
rapidly and that many of the mysteries wliich beset you as clinicians, and to 
which I have referred, toII be lost in the pile of conquered medical problems. 
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THORACOPLASTY AND PULMONARY RESECTION IN THE TREAT- 
MENT OF TUBERCULOUS TRACHEOBRONCHITIS* 

A. R. CURRERI, J. W. GALE, H. A. DICKIE and B. J. LONGLEY 

INTRODUCTION 

The purpose of this report is to present the results obtained in the treatment 
of tuberculous tracheobronchitis by thoracoplasty and pulmonary resection. 
It is evident from reviewing the literature that pneumothorax, phrenicotomy, 
and the local treatment of these lesions have failed to control the disease or 
prevent its complications and sequelae. Indeed, numerous investigators have 
demonstrated that the marked reduction in pulmonary function and the compli- 
cations resulting from these procedures are often more serious and difficult to 
deal with than the original lesion. 

Phrenicotomy in the treatment of tuberculous tracheobronchitis is now con- 
demned because it deprives the diaphragm of its expulsive power and aids in 
the retention of pulmonary secretions which are the prime factors in the develop- 
ment of atelectasis. 

f^The local application of the cautery, either chemical or electrical, through a 
bronchoscope, has been disappointing. Usually the bronchial lesion is so ex- 
tensive that complete visualization is impossible and hence treatment is seriously 
handicapped. In bronchial stenosis, mechanical dilatation, combined with the 
cautery, will effect a temporary improvement, but, as healing is by fibrosis, 
recurrence of the stenosis is inevitable. Such procedures cannot restore the 
normal anatomical and physiological pattern, as the mucosal, muscular, and 
cartilaginous layers have been destroyed and replaced by fibrous tissue. Cauteri- 
zation may be indicated in the small circumscribed ulcers which do not involve 
the circumference of the bronchial wall. 

During the past six years Tuttle (1), Brantigan (2), Chamberlain (3), Rafferty 
(4), Davies (5), and others have reported on the value of artificial pneumothorax 
in the treatment of tuberculous bronchitis. Some of these writers conclude 
pneumothorax is of value only in minimal lesions. Others believe pneumothorax 
will control 30 to 40 per cent of the cases. They all recognize the hazards as- 
sociated with artificial pneumothorax, and the high incidence of atelectasis, 
pleural effusion, empyema, and bronchopleural fistula. Many of the arrested 
cases have the sword of Damocles over them, for it is difficult to determine when 
one of the above complications wll develop. Unfortunately, the occurrence 
of such complications often results in a non-functioning, inexpansile lung. In 
view of the questionable results with the above procedures, the present writers 
have elected to employ thoracoplasty or pulmonary resection in 83 cases of 
definitely proved tuberculous tracheobronchitis. 

> From the Departments of Surgery and Medicine, University of Wisconsin Medical 
School, Madison, Wisconsin. ' 

’Presented before Mississippi Valley Trudeau Society, September 7, 1947. 
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CASE SELECTION 

The thoracoplasty cases were selected on the basis of bronchoscopic ^^suali- 
zation of deep-seated tuberculous inflammation wdth accompanying ^'cessive 
bleeding on slight provocation, the presence of ulceration or tuberculoma, or 
the finding of bronchial stenosis. The lesions were classified as acute or chronic, 
depending upon the degree of clinical toxicity associated with their presence. 

The indications for pulmonary resection were similar to the above, but, in 
addition, several cases have been included which, although not presenting 
bronchoscopic evidence of bronchitis, did show extensive involvement of the 
bronchial wall after the limg was resected. 

RESULTS 

Eighty-three patients were subjected to 53 thoracoplasties and 50 pulmonary 
resections. Twenty-two had a primary thoracoplasty followed bj’’ a pulmonary 
resection. As noted in other studies, there was a higher incidence of tracheo- 


TABLE 1 

Results from thoracoplasties 



AVBXSm) 

CLtNTCAlXy 
tUPRO\TO DUT 
INTERUITTENTtY | 
POSITIVE mu 
rUDCSCLC SACILU 

KO IMPROVE- 
UEKT OR WORSE 

Dirt) 

TOTAL 

Acute 

12 

13 

25 

48 per cent 

9 

13 

22 

41 per cent 


2 

1 

3 

5j per cent 

2G 

27 

63 

100 percent 

Chronic 

Total 

Per cent of total .... 


bronchial disease among the women (56) as compared to the men (27). Each 
bronchus appeared about equally \Tilnerablc as involvement was obscn'cd 43 
times on the right side and 40 times on the left side. 

Thoracoplasty : Fifty-three patients received from 3 to G stages of thoraco- 
plasty. Sputum conversion occurred in 25, or 48 per cent of these patients, and 
they were discharged from the sanitoriums as arrested. Twenty-two or 41 per 
cent had marked clinical improvement with considerable reduction or absence 
of sputum and the disappearance of the evidences of toxicity. In everj’ one of 
these, however, the sputum and gastric washings were intermittently positive 
for tubercle bacilli either by smear or culture. All of these patients h.ad pul- 
monaiy' resection at a later date. In the remaining G cases, 3 showed no im- 
provement or became worse, and 3 died. Approximately one-half (2G) were 
toxic and acutely ill. The results arc tabulated in table 1. 

Pulmonary Rcscclion: Pulmonarj’ resection was carried out in 50 patients with 
but one fatality. However, only 40 patients have been observed for a period of 
four or more months. Therefore, the following statistics and discussion will 
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include only the latter group. One patient, who died the tlurd day postopera- 
tively, is not included in the follow-up statistics. 

In the follow-up studies the sanitorium physicians were requested to report 
their opinion as to the prognosis of the patients. They stated the results were 
excellent in 19, good in S, fair in 6, and poor in 6. Their impressions, however, 
refer to the general condition and probable ability of the patient to rehabilitate 
himself, and not to the control of the bronchitis and conversion of the sputum. 
The status of the last-named features is demonstrated by the fact that cultures 
of the gastric washings of 32 patients revealed no tubercle bacilli, while these 


TABLE 2 

Hesutls as related to predominant lesions 
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Chronic bronchitis 

7 

3 


Bronchial stenosis 
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11 
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^ Total 

32 

7 

39 




TABLE 3 

The effect of operative procedures on end results 


TYPE or OPERATIVE PROCEPITRE 

ASRE5TED 

CLINICALLY IMPROVED 
»VT INTERMITTENTLY 
POSITIVE 

TOTAL 

Primary resection 

— 

2 

15 

Besection secondary to thoracoplasty 


5 

24 



Lobectomy 


2 

15 

Pneumonectomy 

■a 

6 

24 




organisms could be demonstrated in the gastric washings or sputa of only 7 
patients. 

In table 2 it may be seen that lobectomy or pneumonectomy offers approxi- 
mately the. same prognosis in acute or chronic bronchitis. Better results can 
be anticipated in bronchial stenosis or bronchiectasis. All acute lesions received 
streptomycin preoperatively until the bronchi appeared quiescent. 

Statistically, primary resection seemed to fare better than resection secondary 
to thoracoplasty. However, primary resections for the most part were per- 
formed recently and had the benefit, when indicated, of both streptomycin and 
penicillin. Lobectomy was the procedure of choice in 15 patients and pneumon- 
ectomy in 24 (table 3). 

Chemotherapy as an adjunct to pulmonary resection has been of considerable 
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value, as slioAra by a smooth postoperative course, a minimum of postoperative 
complications, and what appears, at least at present, as an excellent clinical end 
result. Streptomycin combined mth penicillin seemed most efficacious, al- 
though penicillin combined mth sulfadiazine was a great aid (table 4). 

The preoperative respiratory function was classihed as good in IS, fair in 17, 
and poor in 4 patients. The latter group had extensive bilateral tuberculosis 
with bronchitis limited to one side. The estimations of functional capacity 
were made from clinical evaluation. 

The complications encountered in this series may be seen in table 5. 

TABLE 4 


Effect of chemotherapy 


P&UO 

AUtSTZD 

1 

CLINICALLY IMPROVED 
DUX INTERMITTENTLY 
POSITIVE 

TOTAL 

Streptomycin and penicillin 

1 

6 

0 

c 

Penicillin and sulfadiazine 

23 

4 

27 

Sulfadiazine or no cbemotberapy 

3 

3 

C 

Total 

32 

7 

39 


TABLES 

Postopcralivc complications 


Bronchopleural fistula with tuberculous empyema 1 

Tuberculous empyema — at present a small sinus tract 1 

Reactivation in another lobe or contralateral side 2 

Expectoration of silk suture 1 

Contralateral pleural effusion 1 

Emotionally unstable following surgery 1 

Total 7 


DISCUSSION 

Heretofore, the outlook of individuals afflicted with tuberculous tracheo- 
bronchitis was most discouraging, both as to mortality and morbidity. In 
several studies, depending upon the method of case selection, the case mortality 
rate has ranged from 40 to 85 per cent. Samson (G) clearly .showcil that a 
fatality rate of 50 per cent can be expected within two to four yc.ars. In addi- 
tion, those svmdving can anticipate an unhappy and miserable existence, with 
.an uncontrollable cough and the raising of copious amounts of purulent sputum. 
Streptomycin therapy may alter the course of tuberculous tracheobronchitis, 
but it is still too early for any conclusive statement on the subject. 

In the trc.atmcnt of tuberculous tracheobronchitis, the phy.sician is faced with 
the practic.al problem that the persistent bronchitis is situated in the path of 
pulmonary secretion coming from an active parcnchjTnal lesion. The control 
of the parenchjTnal lesion would appear as the crux or kcy.stonc to therapy. 
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In the presence of constant irritation by coughing and purulent secretions, there 
is little opportunity for any lesion to heal. Nature heals wounds more easily 
in the absence of pus and with the diseased part at rest. 

The procedures employed in the past either failed to control the parenchymal 
disease or often produced bronchial obstruction, which led to atelectasis with 
secondary suppurative pneumonitis, cavitation, extension of disease, and tuber- 
culous empyema. In the present series, only one major and several minimal 
atelectases occurred. This low incidence of major atelectasis can be attributed 
to an alert and prepared resident staff always aware of minimal pulmonary 
changes. In thoracoplasty, the collapse is initiated peripherally and proceeds 
towards the hilum. In pneumothorax, the collapse is concentric, affecting the 
major bronchi as well as the parenchyma. 

It is believed that this small series definitely demonstrates the superiority of 
thoracoplasty and pulmonary resection over the previously mentioned methods. 
Sputum conversion occurred in 46 per cent of the patients with thoracoplasties 
and 86 per cent of the group writh resections. Two patients, who continue to 
discharge tubercle bacilli and in whom bronchoscopy revealed persistent bron- 
chitis, are now receiving a trial of streptomycin. A third patient may attain 
sputum conversion when all of her secondarily infected bronchial silk sutures 
are expectorated. 

The operation of choice for tuberculous bronchitis has varied between thoraco- 
plasty and resection. Until recently it was considered advisable to perform a 
preliminary thoracoplasty before undertaldng lobectomy or pneumonectomy. 
The reasons for this practice were: ( 1 ) toxicity and the quantity of sputum could 
be reduced in “wet” and desperate risk cases; overdistention of the remaining 
lobes could be prevented; ( 3 ) an acute bronchitis could be converted into a 
chronic one; and (4) a large percentage of lesions could be controlled by thoraco- 
plasty. Primary resection was limited to bronchial stenosis associated with 
recurrent suppurative pneumonitis. The use of streptomycin and penicillin 
has considerably altered the situation. Chemotherapy, w^hen combined with 
postural drainage preoperatively and phrenicotomy or partial thoracoplasty fol- 
lowing resection, will now control toxicity, excessive secretions, acute bronchitis, 
and overdistention of the remaining lobes. Consequently, at the present time 
the writers favor primary pulmonary resection for tuberculous bronchitis and 
reserve thoracoplasty for unilateral lesions associated with minimal parenchymal 
disease, and for acute bronchitis which fails to respond to streptomycin. 

Unfortunately, in the selection of cases, enthusiasm for a new method of treat- 
ment is occasionally misleading. For example, thoracoplasty w'as undertaken 
in 3 despei’ate risk cases with bilateral active disease wdth bronchitis limited to 
one side, in the hope of stemming a progressively domiward clinical course. All 
3 patients died. In another 2 patients with extensive pulmonary involvement, 
resection produced respiratory cripples. One of these was a respiratory invalid 
before surgery which was performed to control suppurative pneumonitis. The 
second patient has had a marked decrease in respiratory reseiw'e due to the 
contralateral pleural effusion. It should also be kept in mind that reactivation 
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of an old lesion is alwa3^ possible months and years after a lobectomy or pneu- 
monectomy. Such reactivations, however, should not be regarded as “spreads.” 
An attempt should be made to prevent reactivation by reducing to a minimum 
the possible distention of remaining lobes or contralateral lung. Tliis may bo 
accomplished by a phrenicotomy or a five- or six-rib thoracoplasty either at the 
time of surgery or shortly thereafter. 

The recent literature has promded considerable space to the problem of contra- 
lateral “spread” in pulmonary resection for tuberculosis. There was but one 
“spread” to the contralateral side in the present series. This occurred in a case 
early in the series when a bronchopleural fistula and tuberculous empyema de- 
veloped, noth spilling of the purulent secretions to the contralateral side. The 
prevention of “spread” was probably due to: (f) preoperative reduction of 
pulmonary secretions to a minimum; (2) conversion of acute bronchial lesions 
to a chronic state; and (S) prevention of spilling of secretions to other lobes at 
the time of surgerj'. 

At present all acute cases are placed on streptomycin (1.0 gram daily) and 
penicillin 300,000 units in eight to ten divided doses daily. Postural drmnage 
is performed preoperativelj’’ six times per day in “wet” cases until the sputum 
output reaches a low plateau. During surgery “wet” patients are either placed 
in a 20° Trendelenburg position to facilitate drainage of secretions into the 
trachea, or the bronchus is packed with a trimmed tampax. Last but not least, 
frequent aspirations of the trachea are performed by a trained anesthetist. 

The use of indimdual ligation of the lular structures and modem chemo- 
therapy have indeed controlled the major complications seen in the past. Bron- 
chopleural fistulae, tension pneumothorax, and pyogenic empyema are rarely 
seen today. 

Thoracoplasty and pulmonarj' resection are not without . their problems. 
During surgery, particularly with lobectomy or pneumonectomy, blood should 
be administered freely. If a tuberculous ca^'ity is opened, 2.0 grams of strepto- 
mycin and 100,000 units of penicillin should bo inserted into the pleural space. 
Postoperatively, streptomycin and penicillin should be given parcntcmllj' and 
into the pleural space when indicated. Chemotherapy has prevented serious 
involvement of the pleural space in 3 cases where a tuberculous cavity was in- 
advertently opened. Postoperatively, patients must be encouraged to breathe 
deeply, cough, and e.xpectoratc secretions at hourly intervals. Their position 
in bed is changed regularly to prev'cnt pulmonarj' stagnation. If atelectasis 
develops, intensive effort to relc:ise the bronchial obstruction is carried out, i.c., 
COj inhalation, forced coughing, deep breathing, and frequent changes in posi- 
tion. If these me.asurc5 are unsuccessful, tracheal a.spiration by means of 
larjuigoscope and catheter should be performed. Bronchoscopy is .seldom ncccs- 
s.ary. Pain may be controlled by morphine in doses ranging from 0.005 to 0.010 
gram, but the drug should be used with c.are to guard against the possibility of 
respiratory’ depression. 

The low c.aso mortality rate of 5} per cent for thoracoplasty and 2 per cent 
for the pulmonary resections of the present series certainly spcalzs favoral)ly for 
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these procedures. Many of the patients were desperate risk cases with little 
pulmonary reserve. The only death in the pulmonary resection series was also 
the only one in which mass hilar ligation was used. 

CONCLUSIONS 

Pulmonary resection and thoracoplasty are the operations of choice in per- 
sistent tuberculous tracheobronchitis because of; (1) the high incidence of 
sputum conversion; (S) the low incidence of complications; and (S) the low case 
mortality rate. 


SUMARIO 

La Toracoplastia y la Reseccion Puhnonar cn el Tratamienlo de la 
Trdqueohrongiiiiis Tuberculosa 

La reseccidn pulmonar y la toracoplastia son las operaciones de eleccion en la 
tuberculosis traqueobronquial peristente, debido a: (1) alta proporcidn de virajes 
del esputo; (2) baja proporcion de complicaciones; y (3) baja mortalidad. 
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EXTRAPLEURAL PNEUMOTHORAX^- 
A Five Year Study 

ELLIOTT P. SmRT,’ PAUL C. SAMSON* axd AL\X E. CHILDRESS^ 

Since the description of pleurolysis (2) by Tuffier in 1891, the question of the 
precise value of the operation of extrapleural pneumothorax has created a din- 
sion of thought among those interested in the collapse therapy of pulmonary 
tuberculosis. The enthusiasm in 1936 for the then recent!}' introduced operation 
became tempered with caution as unfavorable results, caused by overextension 
of indications and improper postoperative care, plagued the pionceis of the 
procedure. The ultimate fate of the extrapleural space was unknown. iMany 
abandoned the procedure completely, condemning it as unsatisfactory and too 
dangerous, some reserved judgment, and others continued to use the operation. 

The present report consists of an evaluation of the five year results (Apiil 
1938 to May 1942), observed in a series of 45 patients who were submitted to 
52 operations. Three operations, performed subsequently, are also rcjiortcd 
because they represent contralateral surgery on patients included in the scries 
by virtue of their first operation. 

INDIC.\TIOXS FOR OPERjVTIOX 

Because the institution of a procedure in the extrapleural space demands close 
medical supervision and cooperation on the patient’s part, tlie emotional and 
mental stability of each patient should be critically surveyed Ijeforc sucli a 
venture is undertaken. The time for this study is usually atTorded while otlier 
less extensive collapse measures are in progress. The importance of this factor 
will be reemiihasized during the analysis of results. 

It is the practice of the writers to attempt intrapleural pneumothorax on ail 
suitable patients. The failures usually fall into three groups: (!) those in which 
the initial attempt fails, due to pleural symphysis; (5) those in which intrapleural 
pneumothorax fails to control the disease because of adhesive bands which can- 
not be severed by closed pneumonolysis; (S) those in which intrapleural pneu- 
mothorax gives promi.re of effectiveness, but is ev<>ntually imsuece.'sfiil hec.ause 
of obliterative plcuritis. 

As a rule, with predominately upper lobe lesions, group (I) is considen‘(i for 
thoracojdasty or extrajdeural pneumothorax; group (-) for thoracojilasty, open 

' Prc.-Piitcd l)cforc tlio Medir.-vl Section, as part of tlie syniposiiini on Slrejitnutvctii in 
S'lnjical Tiil'frculn^i.c, at the •t.trd annual meelinp of ttie National 'riihorrido‘'i“ A*-‘-'oei.-itiori. 
San rranciseo, California, June IS. 1017. 

= From Hret Harte Sanatorium. Murphys, California, and the Thoracic Surpieal Service 
San Joafjuin Ceneral Hospital, French C.arnp, California 

* Medic.al Director, Hret Harte .‘^.aiiatorium. 

‘ Considtant in Thoracic Surpery, San Jo.aijuin (leneral Hospital. 

‘ Hr,«ident in Tuherctilosis and Thoracic .‘^urpe.-y, Hret H.nrte San.aforinni .and S.-.n 
.Iixaipiin Cener.al Hospital. 
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pneumonolysis and extrapleural pneumothorax; and group (5) for thoracoplasty 
or extrapleural pneumothorax. 

On a number of occasions, pneumoperitoneum has been induced to prevent 
further progression of the tuberculosis prior to deciding upon surgery. In a few 
of these instances, the diseased portion of the upper lobe has become atelectatic 
and has migrated to the mediastinum, where it has remained by virtue of pres- 
sure from the expanding inferior healthy pulmonary tissue. On these infrequent 
occasions, surgery is obviated and the pneumoperitoneum becomes the defini- 
tive procedure by the production of a “medical lobectom 5 \” 

In the main, if the lesion is more exudative than productive, the writers favor 
the induction of extrapleural pneumothorax; if the lesion is more productive 
than exudative, thoracoplasty is considered to be advisable. However, slight 
retraction of the mediastinal structures and roentgenographic evidence of thick- 
ened pleura are not always expressions of the current parenchymal disease, 
which may be exudative or readily compressible. A moderate thickening of the 
pleura, as detected by roentgenogram, is often deceptive and is not considered a 
contraindication because at operation the extrapleural plane may be ascertained 
and developed with relative ease. 

Cavernous pulmouars'' tuberculosis constitutes a contraindication when the 
cavity is large and peripherally located, so that the pleura represents one of its 
circumferential borders. Some phthisiologists (5) have not been deterred by 
this factor, but the fear of bronchial fistulae has made the writers reluctant to 
apply extrapleural stripping to this type of lesion. 

The procedure has not been applied to the so called “tension cavity”. Never- 
theless, Reid (11) states “Tension cavities react better to this form of treatment 
(extrapleural pneumothorax) than to thoracoplasty, unless there is bronchial 
stenosis, because concentric relaxation allows reopening of the draining bronchus, 
and the actual positive pressure of air in the extrapleural pneumothorax space 
compresses the cavity.” 

Pulmonary lesions, complicated by acute ulcerative tracheobronchial disease, 
constitute a definite contraindication to the extrapleural type of collapse. 

The value of the operation in selected bilateral lesions is unquestioned. Com- 
binations of thoracoplasty-extrapleural pneumothorax, bilateral extrapleural 
pneumothorax and intrapleural-extrapleural pneumothorax, may be successfully 
employed. 

It must be appreciated that the indications for extrapleural are not sharply 
defined. In some instances, the decision is not an easy one, and, as the more 
intelligent patient soon becomes conversant with collapse measures, his wishes 
may be consulted before a final choice of operation is made. In the present 
series, it was the usual practice to explain to the patient that, should extrapleural 
pneumothorax prove not technically feasible, it would be converted to a first- 
stage thoracoplasty at the time of operation. 

Although the operation was not used in this series as a preparatory device for 
a later thoracoplasty, it is comforting to realize that thoracoplastic collapse is 
available if extrapleural pneumothorax fails. 
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It should be stressed that extrapleural pneumothorax is not advocated as a 
substitute for thoracoplast}', but rather that, in selected cases, the indications 
for thoracoplasty can be narrowed in faA’or of extrapleural pneumothorax. 

OPERATIVE TECHNIQUE® 

In the jDreojjerative preparation, measures are instituted that are consistent with a 
major surgical procedure. TJie patient is encouraged to cough and c,\'i)cc(onitc before 
coming to the operating room. Inhalation anesthesia is employed, either cyclopropane 
or gas-o.\ygen-ether mixtures. The patient is placed in the lateral recumbent jwsition 
with the upper arm drawn well forward. 

A slightly curved incision, with the convexity infcriorly, is made over the fourth inter- 
costal space from the edge of the erector spinae muscle to the inferior angle of the forwiinl 
drawn scapula. TJie incision can be lengthened to accommodate a first-stage tliora- 
coirlasty, if e.xtrapleural se])aration does not jrrove feasible. The trairezius and rhomlxnd 
muscles are divided in the direction of the incision. A ])edielcd flap of e.xtracostal fascia, 
including the insertion of the serratus posterior .‘^uj)erior jnuscle, is {leveloped. The flap 
begins at the inferior margin of the fifth rib and c.xtcnds to the suj)erior margin of the thiol 
rib. The width of the flaj) is slightly greater than the length of the fourth rib to be re- 
sected. The erector spiiiac muscle is carefully strijijred so it cai\ be j)rescrved as a medial 
(la)). The last two steps arc im))ortant for jrroper clo.«ure. Appi'oximately U) cent imcteis 
of tlic fourth ril), extending laterally from the transvei-sc j)n)ccss, are resected 
sub])criosteally. 

As tlic deep periosteal bed is incised, there is often cxiwscd a grouj) of muscle filxas 
whicli rc])rc.«cnt exi)ansions from the interna! intercostal muscles (10). Division of these 
muscle fibei-s exix).ses a grayi.di-white membranous layer. This lamina, in well nourished 
individuals, contains sm.all particles of f.at and represents the areolar tis-sue betwevn the 
parietal pleura and deep })eriostea! layer. 

A finger is then inscrte<! in the chosen stratum and the .sfrij)i)ing is commenced and 
coidinued until the limits of the finger are reached. Futlherdi.s.'-cction progres.ses, using.a 
lighted retractor, with a sm.all bit of gauze clamj)ed in the end of a long curved hemost.at. 
I’re.ssure is <liwted tow.ard the thoracic wall rather th;in again.st the hnig. The parief.-d 
pleura c.'iu Ik* seen .asa tight fold which alw;u-s lags l»ehin(! the lung. 

If rcsistent adhesions .are met in one direction, the area is temiwrarily abandomvl .and 
th(' recalcitrant adhe.-ions approached from another angle. Thi'-- maneuv('r will aftrii 
fiiK'stall sharp flisrection. Aj)ic.al adhesions or .sif<‘s of an old jileuritis will occasionally 
defy blunt dissci-tion and mu^t be inched. 

The dissection i-; coii'^idered adequate when tin- seventh rib jmsteriorly, the fifth tib 
laterally, the third rib anteriorly, and theexjiosurcof the vena azygo. on the right and the 
mid-aortic arch on the left, are reacheii. 'nd-' constitutes a eircuinfen'iitial coll;ip-e of 
the a!'<‘x. carried to the hilum f>f the lung, with the edges curve<i slightly downw.ard .and 
giving the api)earance of a flittemal dome. Even when the roentgen study indic.ites th.it 
a ie.'.'er tadlapse may control the lesion, the deseri!»ed limits .are miqilojaai. It is c.-i'i'T to 
ive.Npaud the lung than to attempt additional collap-e by air pre--nre, and after a few d.ay- 
h-ive clap''.''! it may In- extresnely ditlictilt fo incnaw<“ the size of the sji.iee by the ii-e .,f 
inenaised c.vtrajilenral pre.-tire ffigtire •(). In a few com-' the atite.-ior, latend, and p>-- 
terior diSMa-tion ha- Isaai greater Itecau-e of more e\t<ai-ive di-'-.i— . 

* The m.ajta'it v of o;s'r;!tio.a- we.re dom' by one of ij. fP. C j and the re.'ii.ainil'T I 'nl “r 
!.y H Itrodie .'Stephen--. .M 1).. or by Ch-nroy X, Pi-rre, yf 1) . of .'■'.an Pr.inci-e., 
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Bleeding is controlled by gauze packing, ligature and electrocautery If., the latter is 
necessary, the anesthesia is changed to nitrous oxide. A hot moist gauze padk is placed 
in the space for ten minutes while the periosteal flaps and closing preparations are in 
progress. 

In closing, airtightness is mandatory. To be successful, the first two layers of the 
routine six-layer closure must be without leaks. The posterior periosteum of the rib 
above and below is divided longitudinally in its mid-portion, slightly longer than the 
length of the rib resection. This step is relaxing in nature and facilitates the subsequent 
closure of the periosteal bed of the fourth rib. An alternate procedure is to incise partially 
the intercostal muscles longitudinally. The intercostal nerve is crushed and the inter- 
costal vessels sutured mesially. The fii'st layer closure is composed of posterior periosteum 
and intercostal muscles, reinforced medially by the erector spinae muscle. The second 
layer is the previously prepared pedicled fascial flap, which is imbricated over the first 
stratum. The third and fourth layers represent closure of the rhomboid and trapezius 
muscles, the fifth consists of the subcutaneous tissue and the sixth, the skin. Fine 
interrupted silk sutures are used throughout. 

The practice of leaving sterile saline in the extrapleural space was discontinued early in 
the series, as no beneficial effect was noted. 

After the wound is bandaged, the patient is turned over on his back and an 18 gauge 
needle inserted through the second anterior intercostal space in the midcla^^cular line. 
A pressure reading is taken with adjustment of the extrapleural pressure to atmosplieric 
or slightly positive, usually plus twelve minus twelve centimeters of watei'. 

IMMEDIATE OPERATIVE COMPLICATIONS 

Hemorrhage has presented a problem in only a few instances. With thorough terminal 
inspection of the extrapleural space and gentle dissection, this complication sliould remain 
at a minimum . Operative exposure, although small, is sufficient to control the usually 
encountered arterial and venous bleeding. However, the resection of an additional rib 
may be necessary to cope with a serious hemorrhage. 

Pleural tear, with entrance into the intrapleural cavity, results in a combined intra- 
pleural-extrapleural pneumothorax of a greater or lesser degree. The collapse of the 
lower lung depends on the extent of the pleural adhesion and, if the intrapleural space is 
free, a total combined intra-extrapleural pneumothorax may be realized and used 
effectively. 

POSTOPERATIVE CARE AND SUBSEQUENT MANAGEMENT OF THE 
EXTRAPLEURAL SPACE 

On the morning of the first postoperative day, the patient is fluoroscopeci, oi- a 
portable bedside roentgenogram is taken. Almost invariabl}'’ fluid has accumu- 
lated and requires aspiration with air replacement. The lateral recumbent 
position is used and the needle is inserted in the most dependent portion of the 
space with great care to avoid innoculation of the surrounding tissues with as- 
pirated material. Irrigation with sterile normal saline is commenced on the 
first postoperative day to combat blood clot formation in the extrapleural sjiacc. 
To ignore this principle maj^ lead to a fixation of the lung with a greater collap.«e 
than is desirable. Following aspiration and irrigation, sulfadiazine or penicillin 
may be left in l.he space as a prophylactic measure against, the development of 
uontuberculous extrapleural empyema. 





Fig, 1A. (Upper left) Case 29. Exudative lesion right anterior 2nd intercostal space. 
Fig. IB. (Upper center) Case 29. Nontuberculous extrapleural empyema three 
months postoperativelj'. (Note extreme compression of lung beneath purulent fluid level.) 

Fig. 1C. (Upper right) Case 29. Present status of reexpanded lung with linear fibrosis 
at site of old lesion and obliteration of extrapleural space. 

Fig. 2A. (Lower left) Case 41. Right upper lobe lesion with several small cavities. 
Fig. 2B. (Lower right) Case 41, Present status with right extrapleural oleothorax 
(See text). 
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Fig. 3A. (Upper left) Case 36, Bilateral upper lobar disease with cavitation. 

Fig. 3B. (Upper right) Case 36. Present status with richt extrapleural space obliter- 
ated and left extrapleural oleothorax. 

Fig. 4. (Lower) Bilateral failure of extrapleural pneumothorax due to inadequate 
mediastinal dissection; these spaces could not be enlarged by increasing the extrapleural 
air pressure. Note sub -extrapleural cavities and infiltration of pulmonary tissue adherent 
to mediastinum. 
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Special alerfness is ncecssaiy M’hen conti’alaioral collajjse is present because 
the postoperalivo fluid acciunulaUon may continue the extrapleural dissectioa 
and literally submerge the lung to the point of a dangerousl}'^ decreased vital 
capacity. 

Aspiration, iri'igalion, and air replacement arc repeated at intervals of forty- 
eight hours, 0)' as otherwise indicated, until the fluid balance becomes stabilized. 
Usualb' this occui-s between the fifth and tenth postoperative days. 

On the seventh to fourteenth day, the patient is transferred back to the 
sanatorium where the desired collapse is maintained by suitable fills with air at 
first semiwcekbv, then weekly, as the space becomes stabilized. The volume of 
air used vaides and the air pressure is more constant m'th final readings of from 
26 to 3 t cm. of water positive pressure. 

If the space is not dry bj' the foui-th to eighth week, an extrapleural empyema 
should be suspected. These are of three t3''pes: (I) tuberculous, (^) nontuber- 
culous, and ( 5 ) mixed. The type maj’’ be established bj' aspiration with bac- 
tei'iological examination of the purulent fluid. The pathogenesis of the extra- 
pleural emp.yema is not al\\'a.vs clear, but presumably results from broncho- 
extrapleural fistulae, microscopic extrapleural tubercles, or operati^•e or needle 
contamination. 

The S3’’stemic reaction from extrapleural emp3'ema is milder than from intra- 
pleural emp3mma. The relativeb' benign character of extrapleural emp3'ema is 
presumabb' a result of poor absorptive qualities of the membranous barrier 
which lines the extrapleural space. It is noted that air absorption is slower from 
the extrapleural than from the intrapleural space because of the diminished 
permeabilit3' of the artificialb' created lining. 

Extrapleural emp3'’ema responds so well to treatment that this complication 
is no longer regarded with alarm. Further surgical collapse is not used to man- 
age extrapleural emp3''ema, except in rare instances. 

The presence of a broncho-extrapleural fistula complicates the management 
of empyema. The fistula may be heralded 63’- the sudden appearance of puru- 
lent sputum, b5’' puImonar3’^ compression be3’’ond that expected fi-om the volume 
of air fill, or 63'- inabilit3^ to attain the usual positive pressure. The presence of 
fistula is proved simply by the instillation of raetlylene blue into the space and 
the subsequent appearance of the d3’’e in the sputum. 

hlanagement of a nontuberculous infection consists of aspiration, lavage 
with sterile normal saline, and air replacement, in order to maintain the space. 
One of the antibiotics, depending upon the offending bacterial flora, is left in the 
extrapleural space. TJu-ee or four such treatments should clear the space wliich 
has been maintained by air fills. 

If the emp3mma is tuberculous, the extrapleural space is aspirated and lavaged 
as thoroughly as possible and 15 to 20 cc. of 2 per cent methylene blue in 95 
per cent alcohol are instilled. This procedure is repeated every three to four 
da3’’s with moderate air fills until the production of purulent material is reduced 
to a minimum. Oil is then gradually substituted for air. 
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OliEOTHOlE^X 

The function of oleothorax is to maintain collapse and to retard the formation 
of purulent matter. Thus, the usual indications for extrapleural oleothorax 
include txibcrculous extrapleural cmi’jycmn and the forestalling of an obliterative 
process in the extrapleural space. Certain conditions should be satisfied before 
attempting conversion to oleothorex. The inferior limits of the extrapleural 
space should be firralj’ adherent in order to prevent further extrapleural dissec- 
tion by the oil. The floor of the space should be free from fistulous communi- 
cations until the bronchi and should be given time to thicken and for any soft 
sub-extrapleural lesions to harden. Earlj' postojicrative conversion is not ad- 
■n'sed as routine, but is sometimes done to hold a space or assist in empyema, 
control. 

Sterile mineral oil with a neutral pH and number 5 viscositj^ is used. The 
conversion is performed in multiple fills. The initial fill of approximately 30 
to 50 cc. ser\’es to test the patient’s tolerance to the oil and the ability of the 
extrapleura] space to meet the conditions described. The entire conversion 
extends over a period of three to six wcelcs uith never more than 400 cc, of oil 
being used for an3' one space. 

At times two laj'crs of fluid arc noted at fluoroscopj’-, the lower representing 
extrapleural fluid, which maj' or maj' not be purulent. This fluid is aspirated 
as indicated and replaced uith slightlj' less volume of oil. Occasionally, the 
fluid disappears spontaneous!}' and the lung expands to replace it. A small 
amount of fluid is not disturbed unless it is increasing or provoldng s}'mptoms. 

Tlie patients are instructed to report every three to six months for examina- 
tion, or at an}' time that symptoms develop. It has been noted that a decrease 
or increase of pressure uithin the extrapleural oleothorax produces the same 
complaint, a sensation of tightness. For this complaint, the pressime of the 
oil is measured and readjusted, either by adding more or withdrawing the volume 
necessary to make the patient symptom free. 

If any oil is expectorated, all of the remaining oil is immediately removed and 
replaced with a smaller volume of air. The extrapleural space is left with a 
negative pressure after each aspiration. This is especially helpful in that pe- 
ripherally located fistulae may seal off bet\veen the thoracic wall and the slightly 
reexpanded lung. In such instances, oil may again be employed to perpetuate 
the collapse. 

An unusual complication is extrapleural ’cutaneous fistula, which is managed 
by aspirating the oil and maintaining a negative extrapleural pressure until the 
lung covers the intrathoracic orifice of the fistula. Thereafter, it may be pos- 
sible to proceed with the conversion to oleothorax. 

In one instance in the present series, after completion of the oleothorax for a 
right tuberculous empyema, the lower fluid level failed to disappear after a 
reasonable interval. Aspiration revealed chyle, which apparently resulted 
from inflammatory disruption of the right lymphatic duct. This particular 
space was left strictly alone and no untoward effects have been observed. 
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The oil may be removed at the appropriate time, or it may be left indefinitely. 
The present tendency is to leave the oil undisturbed, unless complicating factors 
force its removal. 


FATE OP THE EXTRAPDEimAIi SPACE 

Air fills are terminated in the same manner as those for intrapleural pneumo- 
thorax. The lung expands to its limits and the obliterative process proceeds by 
the formation of fiuid which is eventually displaced by the fibrous tliickening 
of the walls as they approximate and finally unite. Depending upon the size 
of the space, the obliteration may take from several months to several years. 

hestjets 

Most of the patients in this series represent difficult therapeutic problems 
familiar to all those who practice phthisiology. The ages varied from seventeen 
to sixty-one years. There are 22 women and 23 men. One case was classified 
as minimal, and the others as moderately or far advanced pulmonary tuberculosis 
on admission to the sanatorium. 

A total of 52 operations was performed on 45 patients. The procedure was 
unilateral in 39 patients, bilateral in 6 and tm'ce on the same side in one in- 
dividual. The secondary operation was performed because the lung rapidly 
ree.xpanded; the second attempt failed in like manner and the patient eventually 
died of tuberculosis. The operative complications which were encountered 
may be seen in table 1. Rupture of the parietal pleura with entrance into the 
intrapleural space resulted in a few combined pneumothoraces which were used 
effectively. There were no intrapleural empyemata. 

One of the more recent cases is of interest in that a successful outcome was 
attained with maintenance of the extrapleural space, in spite of several compli- 
cations (figure 2). In this operation, it was necessary to resect an additional 
rib to control hemorrhage. Subsequently, the operative w'ound was noted to 
bulge with air fills and finally ruptured, forming an axtrapleural cutaneous fistula, 
A nontuberculous empyema followed. The fistula and empyema were managed 
in the usual manner and the space was filled wdth oil. 

Contralateral “spread” was noted as early as the tenth postoperative day in 
one case and resulted in fatal progression. In the second case, a “spread” was 
discovered nine months after operation, w'hen an intrapleural pneumothorax 
was established. This patient left the sanatorium against advice and later 
succumbed to her disease. In the third case, a “spread” was noted in the ninth 
postoperative month and an intrapleural pneumothorax was then successfully 
employed. 

Ipsilateral progression resulted from the application of the extrapleural 
pneumothorax to a pulmonary lesion, complicated by acute ulcerative tracheo- 
bronchial disease. The circumferential collapse compressed the bronchi, pro- 
ducing a spread of the ulcerations, bronchial stenosis, trapped pulmonary secr<^ 
tions, and increased pulmonary destruction. The involved lung was reexpanded 
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and subjected to thoracoplasty, which afforded the necessary collapse yet inter- 
fered less with bronchial drainage. 

One case presented an unusual -sequence of complications. A postoperative 
nontuberculous empyema responded well to treatment and was then converted 
to oleothorax. Mineral oil soon appeared in the sputum, the extrapleural space 
was emptied of oil by aspiration and in a short time a tuberculous extrapleural 
empyema developed. The latter drained thi-ough a bronchus and was ex- 
pectorated. Thoracoplastic collapse was done, but failed to obliterate the 
space and the empyema persisted. An Eloesser cutaneous flap drainage of the 
extrapleural space solved the problem. The patient is now working and the 
extrapleural space has been obliterated. 


TABLE 1 

Operative complications 


nniEDUTE 

LATE 

Pleural tear 5 

Hemorrhage . ; 3 

Rapid reexpansion 1 

1 

Contralateral spread 3 

Ipsilateral progression 1 

Extrapleural empyema 18 

Tuberculous 10 

Nontuberculous 8 

Extrapleural cutaneous fistula 1 


TABLE 2 

Complications of oleothorax 


Total number of extrapleural oleothoraces 32 

Complications: 

Broncho-extrapleural fistulae 2 

Extrapleural cutaneous fistula 1 

Extrapleural chylbthorax 1 

Extrapleural tuberculous empyema 1 


The eventual fate of the extrapleural space may be seen in table 3. The two 
spaces not obhterated represent one patient who recently had the oil aspirated 
from both spaces of a bilateral extrapleural oleothorax and has started the 
obliterative process. One of the three results listed as “unlmown” occurred in a 
patient whose disease was reported as arrested in June 1945 by another institu- 
tion. It was also reported that this patient’s extrapleural pneumothorax was 
discontinued as effective in June 1944, but the present status of the space is 
not known. One of the thoracoplasties listed in table 3 was performed elsewhere 
for an extrapleural empyema which apparently developed after leaving the 
sanatorium with an extrapleural oleothorax. A report has been received that 
the patient’s disease is arrested and the extrapleural space is obliterated. 

Of the 32 patients known to be alive, a minimum of five years after operation. 
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31 (96.8 per cent) are working (table 4) and 29 (90,6 per cent) discharge no 
tubercle bacilli in the sputuna. Of the 11 who died, 6 were uncooperative in 
their treatment and represent inadequate personality assessment. All of the 
deaths resulted from tuberculosis, wth the exception of one diabetic who re- 
fused to observe her diet and take insulin regularly, and consequently succumbed 
in diabetic coma. 


TABLE 3 

Status of the extrapleural space after five pear minimum 


Extrapleural oleothorax 17 

Extrapleural space obliterated 13 

Extrapleural space not obliterated 2 

Thoracoplasty 3 

Unknown 3 


TABLE 4 

Status cf the 4S patients after a minimum period of five years after extrapleural pneumothorax 


Working 

Convalescent, 
Unknown . . . , 
Dead 


31 or 68.8 per cent 

1 or 2.2 per cent 

2 or 4.4 per cent 
11 or 24.4 per cent 


TABLE 5 

Final result attained in 6S extrapleural pneumothoraces 


Dead 14 operations 

6 satisfactory (disease ipsilateral lung controlled) 
8 unsatisfactory 

Living 36 operations 

33 satisfactory (disease ipsilateral lung controlled) 
3 unsatisfactory 


Unknown 2 operations 

Total satisfactory operations 39, or 75 per cent 


The final analysis of the 52 operations may be seen in table 5. In reviewing 
the cases, it was found that 6 of the 14 operations performed upon those who 
died could be classified as satisfactory in controlling the disease of the ipsilateral 
lung. This conclusion was attained by noting radiographic progression in the 
contralateral lung, or clinical evidence of extrapulmonary disease sufficient to 
cause the patient’s exitus, while the operative (or ipsilateral) lung remained 
roentgenographically stable. 
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CONCLUSIONS 

1. Extrapleural pneumothorax is an effective additional collapse measure in 
the treatment of pulmonary tuberculosis. 

2. The procedure has the advantage of producing little or no thoracic de- 
formity and is a single-stage operation. 

3. Extrapleural pneumothorax has the disadvantage of requiring meticulous 
and prolonged postoperative care which is not suitable for the emotionally un- 
stable or vagrant patient. 

4. The complications of extrapleural pneumothorax can be managed by 
medical means except in a few instances. 

suJUURy 

The indications for operation, the operative technique, and the postoperative 
management of e.xtrapleural pneumothorax have been reviewed. A report is 
made of the present status of 45 patients in whom extrapleural pneumothorax 
was instituted more than five 3 ’’ears ago. Thirty-two of the 45 patients are 
knonm to be alive and 31 (96.8 per cent) are working. Thirty-nine (75 per cent) 
of a total of 52 operations are classified as satisfactory. 

SUXURIO 

Ncumotorax Extrapleural 

1. En estc trabajo discutense las indicaciones operatorias, la t4cnica quiurugica 
y la asistencia postoperatoria en el neumoWrax extrapleural. 

2. Recdlcase la cuidadosa selecidn de los casos. 

3. Enum^ranse las complicaciones del neumotdrax extrapleural y describese 
la manera de atenderlas. 

4. Analfzase el estado actual de 45 enfermos, en quienes se ejecutd un total de 
52 intervenciones hace mas de cinco anos: 32 de los 45 se sabe que estdn vivos, y 
31 de ellos (96.8 por ciento) se hallan trabajando; 29 tienen esputo negative; 39 
(75 por ciento) de las 52 operaciones se clasifican como satisfactorias. 
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DISCUSSION 

JOHN C. JONES* 

At the meeting of this Societj’’ in San Antonio, Texas, in 1941, my associate, Dr. Ambrose 
S. Churchill, reported on 50 extrapleural pneumothorax operations in 47 patients (3 bilateral 
extrapleural pneumothoraces), which were done on Dr. F. S. Dolley’s and mj' service at the 
Olive View Sanatorium between October 1937 and October 1938. I thought it would be of 
interest to report on the nine year follow-up study of this group of cases, which has been 
completed by Doctor Churchill within the past month. In this group there was no oper- 
ative mortality, nor were there any deaths within the first year after operation. Six 
patients died in the second and third years postoperatively, and 14 more were either dead 
or lost from observation four to nine years after operation. We might e.xpect then that the 
majoriti^ of deaths occur after the first four years postoperativeli*. Fifteen (30 per cent) 
of the 50 extrapleural pockets required conversion to oleothorax, 6 for antisymphj'sial and 
9 for disinfectional purposes. All the patients with persistent fluid in the extrapleural 
spaces had cultures of the fluid and, in a total of 19 per cent of the series, tubercle bacilli 
were isolated by culture or guinea pig inoculation. These patients were classified as having 
tuberculous empyema. In 5 patients, thoracoplasties were completed to obliterate the 
extrapleural pocket. Two of these patients are cured, two are dead, and one patient has 
been lost from observation. There remain 6 patients who still have pneumothorax after 
nine years. Two of this group have active disease, but the remaining 4 arc well and are 
apparently cured of their disease, although their lungs are reluctant to expand to obliterate 
the space. 

In summary, a nine 3 'ear follow-up of 47 patients with extrapleural pneumothorax 
reveals: 15 (31.9 per cent) are dead; 5 (10.6 per cent) are lost from observation; 5 (10.6 per 
cent) still have active tuberculosis; and 22 (46.S per cent) are apparentlj' cured. 

In order to be able to state that extrapleural pneumothorax is a preferable procedure to 
thoracoplasty, the procedure must be applicable in more cases than is thoracoplastj', the 
mortalitj' in extrapleural pneumothorax must be less than in thoracoplastj”, and the results 
must be better than in thoracoplasty. As we can safely state that extrapleural pneumo- 
thorax meets none of these requirements, it follows that it is not going to replace thoraco- 
plasty as a collapse measure. We believe, however, that there is still a place for e.xtra- 
pleural pneumothorax in our armamentarium, even though as time goes on the indications 
for it seem narrower and its applicabilitj* decreases. 

We believe that the judicious application of streptomycin therapy will increase the 
number of cases improved sufiBciently to be thoracoplasty candidates and, by the E.ame 
token, reduce the numbers of indications for extrapleural pneumothorax. We also hope 
that, in those cases coming to extr.apleural pneumothorax, pre- and postoperative treat- 
ment with streptomj'cin will appreciably reduce the serious complication of tuberculous 
extrapleural empyema. 


’ Los Angeles, California. 
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At the meeting of this Societj' in San Antonio, Texas, in 1941, my associate, Dr. Ambrose 
S. Churchill, reported on 50 extrapleural pneumothorax operations in 47 patients (3 bilateral 
extrapleural pneumothoraces), which were done on Dr. F. S. Dolley’s and mj' service at the 
Olive View Sanatorium between October 1937 and October 1938. I thought it would be of 
interest to report on the nine year follow-up study of this group of cases, which has been 
completed by Doctor Churchill within the past month. In this group there was no oper- 
ative mortality, nor were there any deaths within the first year after operation. Six 
patients died in the second and third years postoperatively, and 14 more were either dead 
or lost from observation four to nine years after operation. We might e.xpect then that the 
majority of deaths occur after the first four years postoperatively. Fifteen (30 per cent) 
of the 50 extrapleural pockets required conversion to oleothorax, 6 for antisymphs’sial and 
9 for disinfeotional purposes. All the patients with persistent fluid in the extrapleural 
spaces had cultures of the fluid and, in a total of 19 per cent of the series, tubercle bacilli 
were isolated by culture or guinea pig inoculation. These patients were classified as hamng 
tuberculous empyema. In 5 patients, thoracoplasties were completed to obliterate the 
extrapleural pocket. Two of these patients are cured, two are dead, and one patient has 
been lost from observation. There remain 6 patients who still have pneumothorax after 
nine years. Two of this group have active disease, but the remaining 4 arc well and are 
apparently cured of their disease, although their lungs are reluctant to expand to obliterate 
the space. 

In summary, a nine j'ear follow-up of 47 patients with extrapleural pneumothorax 
reveals: 15 (31.9 per cent) are dead; 5 (10.0 per cent) are lost from observation; 5 (10.6 per 
cent) still have active tuberculosis; and 22 (46.8 per cent) are apparently cured. 

In order to be able to state that extrapleural pneumothorax is a preferable procedure to 
thoracoplasty, the procedure must be applicable in more cases than is thoracoplast 5 ', the 
mortality in extrapleural pneumothorax must be less than in thoracoplasty, and the results 
must be better than in thoracoplasty. As we can safely state that extrapleural pneumo- 
thorax meets none of these requirements, it follows that it is not going to replace thoraco- 
plasty as a collapse measure. We believe, however, that there is still a place for e.xtra- 
pleural pneumothorax in our armamentarium, even though as time goes on the indications 
for it seem narrower and its applicabilit 3 ' decreases. 

We believe that the judicious application of streptomycin therapy will increase the 
number of cases improved sufiBciently to be thoracoplasty candidates and, by the E.ame 
token, reduce the numbers of indications for extrapleural pneumothorax. We also hope 
that, in those cases coming to extrapleural pneumothorax, pre- and postoperative treat- 
ment with streptomj’-ein will appreciably reduce the serious complication of tuberculous 
extrapleural empyema. 
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tration of streptomycin, ivhich was considered to be caused by the drug. No 
instance of exfoliative dermatitis was observed. 

Transient casts appeared in the urine of 8 of the 12 patients, but no kidney 
damage of a permanent character was found to be present. The blood urea ni- 
trogen was not elevated in any instance and no evidence of liver damage was 
demonstrated. 

Four of the patients showed an eosinophilia of over 5 per cent which persisted 
throughout treatment. In most of the group the sedimentation rate was elevated 
at the beginning and at the end of treatment. The streptomycin concentration 
of blood serum was between 10 and 20 mcm. per cubic centimeter in all cases. 

Soon after the start of streptomycin therapy, 11 of the 12 patients showed 
outstanding clinical signs of improvement manifested by a sense of well-being, an 
increase in appetite, and a gain in weight. Some of the Negro patients, who were 
extremely emaciated and in a critical condition at the time streptomycin therapy 
was started, rapidly began to gain w^eight. The average gain was 15 poun^. 
Those who were febrile at the beginning of therapy quickly became afebrile and 
remained so except for a few who had febrile reactions from the streptomycin. 

Nine of the 60 sinuses closed within one to four weelcs, and 9 within six to 
eight w'eeks, after streptomycin therapy was started. Thirty sinuses closed 
between the tenth and twelfth weeks of treatment and 11 (appro.ximately20 per 
cent) closed within thirteen to twenty weeks of the start of chemotherapy. 

The series has not been followed for a sufficient period to determine whether 
streptomycin has produced a permanent closure of the sinuses, but the prompt- 
ness with which they healed following initiation of treatment w'as outstanding. 
After about three to four days of streptomycin therapy, the purulent material 
draining from the sinuses became less purulent and smaller in amount. In some 
instances, tuberculosis sinuses of several j’-ears’ duration, originating in bone in 
the ischio-rectal region, or following appendectomy, have closed Avithin a w'eek to 
ten days. 

Induration surrounding the sinus tracts and the associated tenderness have 
disappeared as early as one month after treatment was begun. 

The fact that closure is more prompt when free drainage is present was im- 
pressive. If small abscesses exist imder the skin and the sinus is not draining 
adequately, the area should be incised and the pus evacuated. The area then 
heals by healthy granulation. Where necrotic bone or cartilage is present, as 
for example in a rib or sternum, the necrotic material should be removed. 

When a large cold abscess exists in conjunction with tuberculosis of the verte- 
brae, there is little tendency for the pus to disappear under streptomycin therapy, 
unless it is evacuated by open drainage. Several of the cases have been drained 
by this method through the groin or the lateral surface of the thigh. One such 
abscess, which pointed in the back opposite the affected vertebrae, was drained 
by open incision, 'ftffien these large open sinuses are allowed to drain at the same 
time streptomycin is being administered, they fill in quickly mth healthy granu- 
lation and close. Since closure of such sinuses in this series, there has been no 
evidence or any recurrence of pus in the paravertebral area or elsewhere. Fol- 
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lowing drainage of such abscesses, the patient feels greatly improved in the same 
fashion as after drainage of a nontuberculous abscess. 

One of the patients who had unilateral exophthalmos associated with radio- 
graphic evidence of marked destruction of the orbital portion of the frontal bono 
prior to streptomycin therapy, has recently shonm radiographic evidence of 
extensive bone regeneration. As j'ct, however, there has been little evidence of 
regeneration of bone along the lateral surfaces of affected vertebrae or in ribs 
partially destroyed by a tuberculous process. This lack of regeneration has been 
notable in the case of "punched out” areas in the shafts of long bones. 

Of the GO original draining sinuses, only one continues to drain at this time 
(March 10, 1947), eight months since streptomycin was started. Even this 
sinus is showing marked improvement since open drainage of the perineum was 
instituted on November IS, 194G, and since discontinuance of streptom 5 '’cin 
therapy on December 2G, 194G. The incised area is healthy in appearance and 
it is believed it will be completely closed within a short time. Recently a small 
indurated area over the sternum in another patient, which had not disappeared 
under streptomycin therapy, was incised. However, no draining sinus was pres- 
ent prior to incision of the area. 

Of the other sinuses, the longest time which has elapsed since closure is eight 
months; the shortest time two months; the average time four months. 
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THE PROPHYLACTIC ADMINISTRATION OF STREPTOMYCIN BEFORE 
AND AFTER MAJOR THORACIC SURGICAL OPERATIONS' 

PAUL C. SAJISON= 

This presentation is a preliminary report. Although valuable information is 
accumulating, figures of sufficient magnitude to undergo statistical analysis are 
not yet available. It is obmous, however, that the present studies now under 
waj’’ in Veterans Administration hospitals and elsewhere should continue. 

VTiat portion of oiu- present Imowledge of streptom3’’cin maj’' be applied to 
proph5dactic therapy in smgery? It is Imown that streptomj’'cin is tuberculo- 
static, and that fresh e.vudative and hematogenous lesions are influenced more fa- 
vorably than those lesions which are essentially fibrotic or productive in nature. 

First, it seems logical that streptomj’'cin maj’' be used to prepare patients for 
surgeiy more rapidly than before. For example, freshl}’" reactivated lesions and 
acute bronchiogenic or hematogenous foci occasionallj’’ develop in patients who 
otherwise might be suitable for major collapse therap3^ In these, the administra- 
tion of streptomj'-cin ma5’- be expected to shorten the interval before surgical in- 
tervention. Continued observations on cases of this tj’pe are being recorded.' 

Second, the preliminaiy results of direct prophylaxis can be summarized at this 
time. The bulk of the material comes from the Veterans Admimstration under 
direction of the Central Streptom3’'cin Committee. A brief description of the 
overall plan should be in order. Orginallj’’, 19 stud}' units were set up in Veter- 
ans Administration hospitals. In general, ever3'- other patient undergoing thora- 
coplast3’' has been given streptom3’’cin with the alternate patients serving as con- 
trols. Moreover, all patients undergoing pulmonary resection for tuberculosis 
have received streptom3'cin. The dosage regimen selected for both groups was 
1.8 grams dail3’- in divided doses for one week before and two weelis following 
each operation. It should be emphasized that this dosage ma3'' be changed in the 
future and that the length and time of administration as related to surgery ma3’’ 
be varied as experience is gained. Intrapleural injections of streptomycin ma3’' be 
warranted. It is possible that a longer period of administration postoperatively 
ma3’' be found to be advantageous. 

As the course of streptom3’-cin planned for cases of resection and single-stage 
thoracoplasty was brief, no special laboratory studies were made except in the 
presence of preexisting renal disease. During multiple-stage thoracoplasties, 
with a period of less than six weeks intervening between operations, laboratory 
procedures chosen to help detect the occurrence of toxic effects have been carried 
out. 

On May 1, 1917, reports had been received from ten Veterans Administration 

‘Presented before the Medical Section, as part of the sj-mposium on Slreplomycin in 
Surgical Tuberculosis, at the 43rd annual meeting of the National Tuberculosis Association, 
San Francisco, California, June 18, 1947. 

5 Branch Section Chief of Thoracic Surgerj'f Branch No. 12, 3’eterans’ Administration. 
293S McClure St.. Oakland, California. 
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hospitals (1). During this time CO patients underwent one or more stages of 
thoracoplasty without the development of postoperat,ivc “spread,” reactivation, 
or empyema. In a parallel series, comprising approximately the same number of 
thoracoplasty stages, two “spreads” developed. One of these has since com- 
pletely cleared follouing the postoperative administration of streptomycin- 

Twenty-four patients have undergone p\ilmonaiy resection for tuberculosis 
under streptomycin protection. There have been no "spreads” in this group. 
Apparently, one empyema developed postoperativcly which was associated uith 
a bronchial fistula. It is reported that thoracoplasty will be required in this 
case. 

Glover, Clagett, and Hinshaw (2) have recently reported their e.xperience with 
the use of streptomycin in 5 cases of pulmonarj’’ resection. Penicillin was like- 
wise adminstered to these patients. In 3, streptomycin was given both pre- 
and postoperative!}’'; in the 4tli and 5th cases, tlie drug was given postoperativcly 
only. In the 5th case, a “bad rislc” pneumonectomy, streptomycin was not 
available for preoperative administration. A postoperative spread to the con- 
tralateral lung was controlled with streptomycin in doses of 1.5 to 2.4 grams daily 
for a period of three months. The authors conclude that “the results in these 
five consecutive cases are sufficiently encouraging to warrant the continued trial 
of combined surgical and antibiotic treatment”. 

Gebauer and Walker (3) have used streptomycin both pre- and postoperativcly 
in 9 pneumonectomies for tuberculosis since January, 1947. In addition to intra- 
muscular administration, Gebauer instilled 2.0 gi-ams of streptomycin intra- 
pleurally at the time of operation and injected 3.0 grams daily into the pleural 
cavity for the first five postoperative days. In this series there were no em- 
pyemas, positive pleural fluids, nor tuberculous “spreads”. In 8 previous re- 
sections, unthout streptomycin, tubercle bacilli were cultured from the pleural 
fluid of 4 patients, of whom 2 developed late bronchial fistulae and frank em- 
pyema. One patient developed a fresh e-xudative focus in the contralateral 
lung. 

The writer, in collaboration vith Doctor Dugan, has used streptomycin as 
prophylaxis before surgery in 10 patients. In 5 of these, pulmonary resection 
was performed and none developed either a “spread” or an empyema. These 
results were obtained despite the fact that in one patient a secondaiy thoracot- 
omy was necessary one week follouing resection because of a recurrent bronchio- 
lar fistula which developed on the fissural surface of the upper lobe. The dosage 
of streptomycin employed in this series was that suggested by the Central Strep- 
tomycin Committee. In one pneumonectomy, 1.0 gram of the drug was instilled 
intrapleurally at operation. In all 5 patients, penicillin in doses averaging 
200,000 units in twenty-four hours was used in conjunction with streptomycin 
both pre- and postoperatively. The impression was obtained that, under strep- 
tomycin protection, patients undergoing resection do not have quite the stormy 
course which frequently has accompanied these operations for tuberculosis in 
the past. Clinically, they are not so ill; the postoperative fever is less; and the 
return of temperature to normal is more rapid. In 10 resections for pulmonary 
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tuberculosis, performed prior to the use of streptomycin, there were 2 empyemas 
and one fatal postoperative pneumonia which was presumably tuberculous. 
One of the empyemas, which followed pneumonectomy, has since cleared remark- 

a.bly following the use of streptomycin. The other 5 patients in whom strep- 
tomycin was used comprise a miscellaneous group representing special indications 
during thoracoplasty, and the excision of a tuberculous abscess of the thoracic 
wall with tight closure. All of these patients have done exceptionally well follow- 
ing operation. 

Tentative conclusions concerning the prophylactic use of streptomycin in 
thoracic surger 5 f are as follows: 

1. In general, operative indications may be extended, as the tuberculostatic 
action of streptomycin may prevent invasive or progressive infection by tubercle 
bacilli during and following surgery. This may be roughly compared to experi- 
ence in the use of penicillin in infected wounds where it has been found possible 
to extend operative indications in spite of the presence of infection. 

2. Streptomycin is probably indicated wherever and whenever tuberculous 
tissues are actually incised or excised. Limited experience indicates that, within 
the follov\nng surgical categories, most tuberculous patients under streptomycin 
protection have had a more satisfactory course than would have been e.xpected 
otherwise. Case records are available to represent nearly all of the following 
groups: 

a. pulmonary resections; 

b. decortications; 

c. open pneumonolysis if pleural tubercles are demonstrated; 

d. lower stage (Schede-type) thoracoplasties where a sinus track is excised or 
an empyema cavitj’- actually entered; 

e. cold abscesses of the thoracic wall in which complete excision of tuberculous 
soft tissue, bone, or cartilage can be accomplished and tight closure of the slcin 
performed; 

f. open cavemostomies with insertion of a skin flap; 

g. pericardiolysis for Pick’s disease w'hen the original infection is believed to 
have been tuberculous. 

3. Certain special indications exist such as: extrapleural thoracoplasty; needle- 
track infections of the thoracic wall; a complicating and persisting ulcerative 
tracheobronchitis, in which the need for thoracoplasty is sufficiently strong to 
preclude further waiting for the ulcerative tracheobronchial lesions completely 
to regress; thoracoplasty (particularly an anterior stage) in the presence of sinus 
tracks leading to infected bone or cartilage; lower stages of a thoracoplasty in the 
presence of a tuberculous wound infection; all stages of a thoracoplasty in the 
presence of a mixed infection empyema; anterior rib resections or anterior thora- 
coplasty stages prior to the insertion of a Monaldi catheter in patients with bal- 
loon cavities. Alexander (4) and Welles (5) have both reported a dispropor- 
tionate number of “spreads” following the last named procedure compared with 
the usual number of postthoracoplasty infections. Because of the risk of compli- 
cations, present expense, and equivocal results to date, it is not believed that 
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routine protection wuth streptomycin is necessary or advisable in patients under- 
going an uncomplicated extrapleural thoracoplasty, extrapleural pneumonolysis 
or closed or open pneumonolysis. Complications of these operations such as 
“spreads,” tuberculous wound infections, sinus tracks, bone lesions and, per- 
haps, empyemas should be treated by streptomycin when they become manifest. 

4. No information is available concerning the value of streptomycin in the 
treatment of tuberculous and mixed infection empyemas. A protocol is now 
being prepared by the Veterans Administration for an investigation of this 
problem. 


REFERENCES 

(1) Bahnwell, John B.: Personal Communication, June 17, 1947. 

(2) Glover, R. P., Clagett, O. T., and Hinshaw, H. C.: Am. Rev. Tuberc., 1947, 66, 418. 

(3) Gebauer, P., and Walker, H.: Personal Communication, June 17, 1947. 

(4) Alexander, J.: Personal Communication, June 5, 1947. 

(5) Welles, E. S.: Presentation at Annual Meeting of American Association for Thoracic 

Surgery, May, 1947. 



INTRAPLEURAL PNEUMONOLYSIS'- 
JOSEPH GOORWITCH’ 

This study consists of an analysis of all thoracoscopies and pneumonob'ses, 
consecutive and unselected, performed by the UTiter at the Los Angeles Sana- 
torium from 1944 to 1946, and a review of the available reports published in 
English from 1943 to 1947. The available English and American literature 
published prior to 1943 has been rexdewed in two previous publications (6, S). 

The Los Angeles Sanatorium series consists of 43 patients. Thej’- were sub- 
jected to 60 operative stages of intrapleural pneumonolysis. In one patient, 
both lungs were subjected to operation. Some of the tables, therefore, show the 
number 44 instead of 43 patients. In 5 additional patients, the procedure was 
limited to a purely exploratory thoracoscopy because adhesions were considered 
not feasible for pneumonolysis and in these patients pneumothorax was discon- 
tinued without ill effects. 


CI-INlCAn MATERIAn 

The status of the tuberculous infections, immediatelj’^ prior to operation, in 
the 43 patients in the series may be seen in table 1. 

On roentgenologic examination, all of the pulmonary cavities were in the upper 
half of the lung field and most of them in the upper lobe; verj’- few were in the 
apex of the lower lobe. It is significant that, in two-thirds of the patients sub- 
jected to pneumonolj'sis, the disease was bilateral. This probably accounts for 
the fact that the incidence of sputum and/or gastric contents containing tubercle 
bacilli was greater than the incidence of roentgenologic evidence of cavitation in ' 
the homolateral lung. 


THORACOSCOPV .AND PNEDSfONOnYSIS 

The two-cannula technique with the Cor 3 dIos pneumonolj’’sis set, employing 
galvanocauterjq was used throughout the 60 operative stages upon the 44 lungs 
of 43 patients. Adliesions were freed flush with the chest wall rather than cut or 
severed. The tjTpe of operation and the nature of the adhesions may be seen in 
tables 2 and 3. 

By complete pneumonolysis is meant a pncumono 3 ’lsis in which there is com- 
plete freeing of all adhesions attached to the disease-bearing lobe. An incomplete 
pneumonol 3 ’’sis consists of complete freeing of some adhesions and leaving others 
intact. The term, partial pneumonolj'sis, is used to designate the partial freeing 
of some or all of the adhesions. 

OPEIUTnm AND POSTOPEn.\Tr\'E COMPUC.\TIONS 

As in previous publications (5, 8), postoperative complications encountered 
witlun the first four postoperative weeks were regarded as attributable to the 

I Presented before the Los Angeles Trude.nu Society in April, 19S7. 

= From the Los Angeles Sanatorium, Duarte, California. 

» 1052 West Cth Street, Los Angeles 14, California. 
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TABLE 1 

Immediate preoperative status of the 4S patients 


Sex; 

Males 

Females 

Age; 

Range 

Average 

Extent of pulmonary tuberculosis (National Tuberculosis Association 
Diagnostic Standards) 

Moderately advanced 

Far advanced 

Tubercle bacilli in sputum or gastric contents: 

Demonstrated 

Concentration 

Culture only 

Not demonstrated (but previously demonstrable) 

Concentration only 

Culture 

Bronchoscopy: 

Normal 

Er 3 dihema only , 

Fever; 

Absent 

Present (100 to lOl^F.) 

Contralateral lung; 

Clear 

Infiltration only (collapsed by pneumothorax in 3 cases) 

Patent excavation 

Lungs operated upon (44) : 

Right 

Left 

Duration of pneumothorax: 

Range 

Average 

Roentgenographic evidence of cavitation: 

Present 

Pre-pneumothorax 

Preoperative 

Absent 

Pre-pneumothorax 

Preoperative 

Size of pulmonary cavities (the greatest diameter): 

Range 

Average 

3 cm. or less 

Over 3 cm 

Pleural efiusions (excluding minimal transient effusions occupying 
bottom of costophrenic sinus) ; 

Absent 

Present 

Small serous 

Moderate serous 

Obliterative pleuritis ; 

Absent 

Present 


23 

20 

16 to 53 
31 


22 

21 



33 



3 

1 


38 

5 

15 

23 

6 

21 

23 

IJ to 21 months 
9 months 


30 

3 

14 

1 to 8 cm. 
3 cm. 

27 

7 


33 



43 

1 
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operative mtei'\’’ention, and those encountered after this period as not attribut- 
able to the operation. For the rationale of this arbitrary classification, the reader 
is referred to the previous reports. 

The various complications encountered may be seen in table 4. 

In calculating the incidence of operative and postoperative complications, 
fever below 100° F. or lasting less than one week, and small transient pleural 
effusions occurring alone, were not regarded as complications because they have 
no clinical significance. 


TABLE 2 
Type of operation 


Complete freeing 20 stages 

Incomplete freeing 6 stages 

Partial freeing 34 stages 


TABLE 3 

Adhesions subjected to operation 


Type: 

Strings 66 

Cords 65 

Bands 121 

Number per lung: 

Range 1 to 16 

Average 6 

Attachments: 

Visceral 

Upper lobe 37 

Lower lobe 7 

Parietal 

Posteriorly on chest wall 36 

Laterally on chest wall 21 

Anteriorly on chest wall 20 

Extreme apex on chest wall 8 

Great vessels 3 


The single instance of spontaneous pneumothorax occurred three months 
postoperatively and, from the description of the circumstances, must have been 
on a purely traumatic basis. Aspiration of air was followed by complete re- 
covery. The single instance of intrapleural hemorrhage occurred nine months 
postoperatively and was not readily explainable. The pneumothorax was 
abandoned two montlis later following aspirations first of blood and later of 
serous fluid. 

Moderate or persistent serous pleural effusions occurred in 2 patients who were 
free of effusion preopcrativcly. In the first patient with a negative sputum and 
no roentgenologic evidence of c.avitation at the time of operation, a total of G50 
cc. of serous fluid was aspirated during the first month following a partial pneu- 
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monolysis. Recovery was uneventful. In the second patient, the sputum con- 
tained tubercle bacilli, a large pulmonary cavity was present, and serous pleural 
fluid totaling 400 cc. was aspirated four months following a complete pneumo- 
nolysis. An obliterative pleuritis eventually developed. When this patient was 
dischai^ed twenty-three months postoperatively, the sputum contained no 
tubercle bacilli and there was no roentgenologic evidence of cavitation. 

The patient, who developed a serous pleural effusion one and one-half months 
following a fairly extensive, partial, two-stage pneumonolysis, had a pos- 
itive sputum and roentgenologic evidence of cavitation. The serous fluid 
was aspirated, lung reexpansion was encouraged, and a homolateral phrenic crush 

TABLE 4 


Operative and postoperative complications {60 stages on 44 lungs of 43 patients) 


COUFLICATIOKS 

: 

Within first four 
postoperative weeks 
and attributable to 
operation 

[N'CJDENCE 

After first four postoperative 
weeks and not attributable to 
operation 

Number 

Number 

Months post- 
operative 

Absent 

55 



Present 

5 



Prolonged fever 

5 



Spontaneous pneumothorax 

1 0 

1 

3 

Intrapleural hemorrhage 

0 

1 

0 

Moderate serous pleural effusion 

1 

1 

4 

Tubereulous empyema 

0 

1 

to 6 

Pyogenic empyema 

2 

0 

1 — 

Extension of pulmonary tuberculosis 

1 

1 

! 5 

Obliterative pleuritis 

0 

3 

10-18 

Cessation of respiration 

1 




Severe subcutaneous emphysema, massive serous pleural effusions, bronchopleural and 
pleurocutaneous fistulae, mixed tuberculous empyema, loss of pneumothorax space, air 
embolism, nerve injury, and death complicating operation did not occur. 


was done. The fluid became purulent six months postoperatively, at which 
time tubercle bacilli were demonstrable in the fluid on smear and culture. No 
other microorganisms were cultured from this fluid. Fourteen months post- 
operatively, when the patient Avas discharged, her sputum revealed no tubercle 
bacilli on concentration or culture, roentgenologic evidence of cavitation was 
absent, and her general condition Avas good, although small amounts of purulent 
fluid could bo aspirated at tAvo AA'cek intervals. 

The 2 patients in Avhom pneumonolysis AA'as complicated by nontuberculous 
pyogenic empyema AA'ere operated upon wnthin four days of each other. Re- 
peated examinations of the pleural exudate from both patients failed to rcA-eal 
tubercle bacilli. In neither patient aa'os intrapleurally injected dye recovered in 
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the sputiun, thus demonstrating the absence of a macroscopic bronchopleural 
fistula. Such a fisulta might have followed direct operative traiuna to the lung 
or a postoperative tear or slough of a tuberculous pulmonarj’’ focus. It is pos- 
sible, therefore, that the infection was exogenous, perhaps originating in the 
operator’s nasophar 5 mx, rather than a consequence of contamination of the 
pleural ca%dty through trauma to the lung. In both patients, tubercle bacilli 
were abundant in the sputmn, both showed roentgenologic e%’idenee of caAitation 
and, in both, complex band adhesions were freed onl}’' partia}l 3 \ Both patients 
became febrile immediatelj’’ after operation and promptly developed a serous 
effusion which became purulent during the ensuing month. Treatment con- 
sisted of frequent aspirations of fluid without replacement with air, in an attempt 
to encourage lung reexpansion, and penicillin injections both intrapleurally and 
intramuscularly. During the first postoperative month thoracocentesis of both 
of these patients with empyema jnelded a total of about 2 liters of serous fluid 
and 3| liters of purulent fluid. Both patients responded by obliteration of the 
pleural cavity which wa§ accompanied by clinical improvement manifested by 
defen'escence and gain in weight. The patient vuth the smaller cavit}’’ and un- 
ilateral disease also achieved sputum conversion and cavity closure. Three 
months postoperatively, a homolateral phrenic crush was performed on this 
patient in order to achieve some relaxation of the adhering lung. The patient 
with the larger cavity and contralateral infiltration developed some further in- 
crease in the amount of infiltration and both the cavity in the homolateral lung 
and the bacillary content of the sputum remained unchanged. \Mien he left 
the sanatorium seven months postoperatively, his general condition was no 
worse than it had been before operation. 

Contralateral e.xtension of pulmonar}’- tuberculosis occurred in 2 patients, one 
of whom has just been mentioned as ha\'ing also developed a nontuberculous pyo- 
genic empyema. The second patient showed a contralateral spread five months 
following an uneventful 2-stage pneumonolysis and one month after voluntary' 
cessation of an ineffective pneumothorax. Despite an anatomically perfect 
pneumothorax resulting from pneuraonolysis and negative bronchoscppic 
findings, the ca\-ity persisted within the atelectatic upper lobe and tubercle 
bacilli persisted in the sputum. 

Complete cessation of respiration occurred shortly after operation was begun 
in a patient whose general condition was poor, who had extensive bilateral pul- 
monary excavation, and whose only chance, slim as it was, lay in collapse by 
pneumothorax. The customarj* preoperative nembutal resulted in such seda- 
tion that additional opiates were omitted. Wlien it was noted that pulmonnrj' 
motion ceased, the trocars were withdrawn and the usual stimulants adminis- 
tered. Shallow respirations returned prompti}' and the drowsiness wore off in 
about two hours. At a later d.atc, following a .smaller dose of the same sedative, 
an uneventful attempt at pneumonolysis was made. Inasmuch as .sufficient 
freeing to improve the t 3 *po of collapse was not fca,«ible, however, the pneumo- 
thorax was discontinucei as useless. When the patient left the sanatorium one 
year postoperatively, his condition was no worse than before opcr.ition. 
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It should be emphasized that the longer the follow-up, the greater the list of 
complications of pneumothroax not attributable to pneumonolysis. The com- 
plications just described, most of which were regarded as nonattributable to 
pneumonolysis, were presented simply for the sake of completeness. 


POSTOPERATIVE FOLLOW-UP 

Postoperative follow-up ranged from seven to thirty-one months and averaged 
twenty months. There were three deaths in this series. All were unrelated to 
the operation and the interval between operation and death ranged from thirteen 
to twenty months. One death was due to intranveous anesthesia in the course 
of another procedure, the second to a massive pulmonary hemorrhage in a patient 
with bilateral pulmonary excavation, the third to extensive pulmonary “spread” 


TABLE 5 

Stains of the 'pneumothorax following operation (44 lungs) 

Maintained ' 

Discontinued because of 

j. Ineffectiveness 

Empyema 

Obliterative pleuritis 

Voluntary cessation ; 


30 



TABLE 6 

Anatomical results of pneumonolysis (44 lungs) 

Incomplete and partial freeing (obviously insufficient to justify the expectation of 

change in status of collapse) 5* 

Incomplete and partial freeing 19 

Complete freeing 20 

* In 4 patients pulmonary excavation was bilateral. 

in a patient with bilateral pneumothorax and residual cavitation, despite an 
anatomically perfect pneumothorax. 

Additional collapse measures such as phrenic crush, pneumoperitoneum, and 
thoracoplasty on the homolateral or contralateral side, were carried out at some 
time postoperatively in a small number of patients. In some instances, it must 
be pointed out, these accessory procedures were added to a clinically good result 
obtained following a partial pneumonolysis. In other patients, these additional 
collapse measures were instituted because the clinical results of pneumonolysis 
were not satisfactory. Several patients were bronchoscoped at some time post- 
operatively as indications arose, but only one was found to have developed a 
progressing stenosis of a stem bronchus. This patient failed to attain sputum 
conversion, but there was no e^^dence of patent cavitation in the lung, either by 
roentgenography or by gross examination of the resected lung. 

The status of the pneumothorax postoperativel 5 ’’ and the anatomical results 
of pneumonolysis may be seen in tables 5 and 6. In evaluating the results of 
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pncumotliornx following pncumonolj'sip, (he entire soricH of 43 patients cannot 
ho considered for obvious reasons. For example, in calculating the incidence of 
cavity closure, those patient.s who prcopcratively had no evidence of cavity in the 
collapsed lung must he excluded. Moreover, in calculating the incidence of 
sputum conversion, those with negative sputum prcopcratively, n.s well as those 
with a contralateral or cxtraparcnchymnl source of tubercle bacilli, must be ex- 
cluded. And in calculating both of theso phenomena, it is ncccs.sarj’ to c.xcludo 
the 5 patients who had very extensive adhesions which were obviously freed 


TABLE 7 

Cavily elattis {<W lungs of ‘t3 patients) 

{Body section films frequently used) 

Closed proopcr.itivcly H| 

Patent (obviously insufficient operative freeing to justify expectation of change in f * 

status of collapse) s] 

Closed (i to 11 months postopcrativciy) 21 

Patent 4 

• For reasons given in the text, this portion of the series is excluded in c.alculatingtho 
incidence of cavity closure and sputum conversion. 


TABLE S 

Sputum status (dJ patients) 

(By culture of sputum and/or gastric contents) 


Negative prooporatively 

Unconverted because of: 

Conlralator.al cavitation 

Obviously insufficient freeing to justify expectation of change in col- 
lapse status 

Horaolatcral tuberculous bronchitis 

Tuberculous tonsillitis 

Converted (j to 11 months postopcrativciy) 

Unconverted 


10 

10 , 


(7) 


:}• 


(5)** 

( 1 ) 

( 1 ) 

19 (S3%) 
4 (17%) 


* For reasons given in the text, this portion of the series is excluded in calculating the 
incidence of cavity closure and sputum conversion, 

** In 4 patients contralateral cavitation was present too. 


insufficiently to justify the expectation of a change in the status of the collapse. 
The respective incidences of cavity closure and sputum conversion may be seen 
in tables 7 and 8. 

Pneumonolysis was complete in 2 of the 4 patients who failed to close cavity 
and convert sputum after pneumonolysis. In the other 2, it was incomplete but 
regarded as anatomically fairly satisfactory. Only one of these patients was 
bronchoscoped and no abnormality was found. Nevertheless, bronchial element 
was the probable cause for clinical failure in the presence of what appeared to bo 
anatomically satisfactory collapse. Of the 21 patients, in whom cavity closure 
was achieved, pneumonolysis was complete in 10 and partial in 11. In 5 of this 
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group, pneumothorax was discontinued. Of the 19 patients whose sputum be- 
came converted after pneumonolysis, operation was complete in 11 and partial in 
8. In 6 patients of this group, pneumothorax was discontinued. 

REVIEW OF LITERATURE 

In a recent review (8) of the available English and American literature on 
intrapleural pneumonolysis published up to 1943, the writer has discussed and 

TABLE 9 


Incidence of complications attributable to pneumonolysis 




COOSWITCff 

coim.iCA*noi?s 

COlLTvCTED SERIES 
OP 8,611 PATIENTS 
(1924 TO 1947) 

1 

1 

1 

Olive View 
Sanatorium, 

48 patients 
(1941 to 1942) 

Los Angeles 
Sanatorium, 

43 patients 
(1944 to 1946) 


Range of incidence 

Incidence 

Absent 

per cent 

27 to 89 

per cent 

89 

per cent 

92 

Present 

11 to 73 

11 

8 


Prolonged fever 

0 to 13 

3.6 

8 

Severe surgical emphysema. 

0 to 20 

1.8 

0 

Intrapleural hemorrhage: 

Small 

0 to 100 

0 

0 

Moderate or large 

0 to 100 

1.8 

0 

Serous effusions: 

Small 

0 to 93 

5.4 


MnHfirAtft or largo 

0 to 33 

3.6 

1.6 

Spontaneous pneumothorax 

0 to 12 

0 

0 

Bronchopleural fistula 

0 to SO 

! 0 

0 

Empyema: 

Uncomplicated tuberculous 

0 to 24 

0 

0 

Nontuberculous pyogenic 

0 to 6 

0 

3.3 

Mixed. 

0 to 23 

0 

0 

Obliterative pleuritis 

0 to 11 

0 

0 

Loss of pneumothorax. j 

Oto 10 

0 

0 

Air embolism ' 

Oto 1.1 

0 

0 

Pleurocutaneous fistula ‘ 

0 to 8 

0 

0 

Extension of pulmonary tuberculosis 

0 to 6 1 

0 

1.6 

Nerve injury 

Oto 1.6 

0 

0 

Shook 

0 to 2 

0 

1.6 (?) 

0 

Death 

0 to 100 

0 




tabulated the pertinent data. The present study brings the review of available 
literature to January, 1947, (1, 2, 16, 8, 19, 12, 10, 11, 13), thus adding 1,502 
cases and making a total of 8,702 collected cases. 

In this collected series of 1,502 cases of intrapleural pnemnonolysis, the in- 
cidence of minimal pulmonary tuberculosis ranged from zero to 14 per cent, that 
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of inodcratoly advanced from 22 to 41 per cent, and that of far advanced from 
51 to 77 per cent. The incidence of positive sputum ranged from 73 to 95 per 
cent. Two-cannula technique and glavanocautery were used throughout. 
Among the more common operative and po.st opera live complications attributable 
to the operation and reported with their incidence were the following: small 
intrapleural hemorrhage, 1.2 to 4 per cent; large intrapleural hemorrhage, zero 
to 2.3 per cent; spontaneous pneumothorax, zero to 4 per cent; bronchopleural 
fistula, zero to 2 per cent; small serous effusion, 5.5 to 40 per cent; largo serous 
effusion, 3 to 23 per cent; uncomplicated tuberculous empyema, zero to 5.5 per 
cent; nontubcrculous pyogenic empj'oma, zero to 1 per cent; mixed tuberculous 
empyema, zero to 2 per cent; loss of pneumothorax space, zero to 2 per cent; 
death, zero to 8.7 per cent. Ten of the 13 deaths reported were due to erap 3 'ema 
which usuail}’ followed operative trauma to the lung, often vith the production of 
a bronchopleural fistula. Following pneumonolj’sis, collapse was reported as 

TABLE 10 

licsults of pneumothorax therapy folotring pncumonolysis _____ 


ETATcs or (rv res cent) 



Collapse 

Cavity | 

Sputum 


Com. 

plctc 

Incom- 

plete 

Closed 

Patent 

Con- 

verted 

Uncoo; 

verteo 

Collected Ecrics: 

5,0G6 patients (1933-1943) i 

52 

48 

72 

28 

73 

27 

1,502 patients (1943-1947) 

50 

44 

— 

— 

73 

27 

Olive View Sanatorium, 4S patients (1944) i 

55 

45 

7C» 

24' 

70* 

24* 

Los Angeles Sanatorium, 43 patients (1947) 

51 

49 

S4> 

16» 

83* 

17* 


> Calculated on the basis of 34 cases with patent cavitation preoperatively. 

* Calculated on the basis of 21 eases with positive sputum preoperatively. 

’ Calculated on the basis of 25 eases with patent cavitation preoperatively. 

‘ Calculated on the basis of 23 eases with positive sputum preoperatively. 

complete in 26 to 72 per cent, and sputum conversion occurred in 66 to 83 per 
cent. The incidence of cavitj’’ closure was specifically stated by two 'mriters 
only and these reported it to be 76 per cent and 78 per cent, respectively. 

In studjdng the incidence of operative and postoperative complications at- 
tributable to intrapleural pneumonol}'’sis, as presented in table 9, it should be 
realized, that the maximum incidence of complications occurred during the first 
decade after the introduction of the procedure bj’’ Jacobaeus. With the greater 
experience attained in recent years, the incidence of complications is apprecia.bl3’ 
lower. Just as in the case of an 3 '’ surgical procedure, the incidence of complica- 
tions will depend, on one hand, on the quality of clinical material available and, 
on the other, on the clinical judgment and surgical skill of the operator. 

The results of pneumothorax therapy following pneumonolysis, like operative 
and postoperative complications, depend on the clinical material available as 
well as on the clinical judgment and operative skill of the surgeon. In table 10 
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may be seen a comparison between results gathered from the literature re- 
\’iewed and those obtained by the author. 

As pointed out in a previous report (S), operative and postoperative complica- 
tions and alterations in the anatomical character of the collapse are the only 
results of pneumonolysis. Changes in the status of the pulmonary cavity and 
of the sputum are strictlj’ the results of the pneumothorax therapy maintained 
after pneumonol3'sis. The criteria of cavity closure and sputum conversion for 
the series collected from the literature were not alwaj's stated; those of the writer 
were given above, as well as in an earlier publication (8). The uniformity with 
which the incidence of ca^dty closure and sputum conversion is found to be 
greater than the incidence of complete pneumonolysis provides definite proof 
that satisfactory clinical results are obtainable following the improvement in 
the anatomical character of the collapse which maj’’ result even from a partial or 
incomplete pneumonolysis. Complete and anatomicalty perfect pneumonolysis 
is usually, but not always, followed by clinicallj’" successful pneumothorax. 
Occasionally, however, patency of cavity may persist due to a ball-valve block 
in the bronchus involved. 

DISCUSSION AND CONCLUSIONS 

The indications for intrapleural pneumonolysis depend on the recogition of the 
role plaj’^ed by pleural adhesions in pneumothorax collapse therapy. This role 
has three distinct aspects which require consideration: (I) the relationship be- 
tween pleural adhesions and complications of pneumothorax; (^) the relationship 
between pleural adhesions and the time consumed in achie\'ing cavity closure 
and sputum conversion; and (5) the relationship between pleural adhesions and 
stability of pulmonary lesions after voluntary cessation of pneumothorax therapy. 
These three aspects will be discussed individually. 

It is generally admitted that the most serious complications of induced pneu- 
mothorax, such as spontaneous pneumothorax, air embolism, bronchopleural 
fistula, and massive serous and purulent pleural effusions, are far more common 
in the presence of adhesions than in their absence (2, 7, 17, 18). If this is ac- 
cepted as the truth, and if it is demonstrated that complications of thoracoscopy 
and pneumonotysis are no more common or serious than those of pneumothorax 
with adhesions, then the mere presence of restraining adhesions should be re- 
garded as an early indication for thoracoscopy and for pneumonolysis whenever 
feasible. Nontuberculous P3’'0genic empyema, such as was encountered in the 
present series, could probably be prevented by the routine use of penicillin pre- 
and postoperatively. The drug should be administered by the intramuscular 
route, as well as by intrapleural instillation, at the conclusion of the operation 
and postoperativel3^. 

It cannot be denied that early cavity closure and sputum conversion are 
advantageous. In fact, these are the very objectives of induced pnemnothorax 
itself. Likewise, no one will dispute that ca\aty closure and sputum conversion 
occur sooner in the absence of adhesions than in their presence. Consequently, 
the presence of patent cavitation and/or sputum which contains tubei'cle bacilli, 
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in association with restraining adhesions, must be accepted as an indication for 
early thoracoscopy and pneumonolysis, if feasible. Following early pneuraonoly- 
sis, complications arc no greater and results arc no woi^e than following a long 
delayed operation. In fact, complications arc fewer and the results arc better 
following an early operation (S). 

There arc a few reports in the literature which seem to indicate that the post- 
pneumothorax stability of pulmonary lesions was greater in patients whose 
pneumothorax had been uncomplicated by adhesions than in patients whose 
collapse had not been anatomically perfect. In 1942, Hurst and Schwartz (9) 
reported upon a scries of 117 patients observed for an average of four years after 
voluntary cessation of collapse therapy. No reactivation of disease occurred 
among those whose pneumothorax was anatomically perfect, but there were 
relapses among those whose pneumothorax had been restrained bj' adhesions. 
In 1939, two Dvinish workers reported upon a group of 191 patients obseiwed for 
five years after reexpansion. The incidence of satisfactory results was tmeeas 
high in patients whose pneumothorax had been free of adhesions as in those in 
whom the pneumothorax had been complicated by adhesions (10). In 1922, 
Jacobaeus was of the same opinion regarding the value of his procedure when 
viewed from a long range point of view (10). If these obseiv'ations are accepted 
as true, there is a third reason for an carb' attempt to render all pneumothoraces 
anatomically perfect if thoracoscopy indicates that tins can be accomplished with 
a reasonable degree of safety. 

The contraindications to thoracoscopy and pneumonolysis are well recognized. 
Thej'’ are: a pneumothorax space not large enough for manipulation of instru- 
ments, acute febrile pleural effusion, tuberculous or other pyogenic empyema, and 
progressing obliterative pleuritis. 

Review of the literature indicates a general agreement among phthisologists 
that only thoracoscopy can determine whether adhesions are operable (6, S, 12, 
13, 17, IS). At times, even thoracoscopic inspection of adhesions does not 
supply the final answer as to their operability. ViTien in doubt one should not 
operate unless nothing can be offered the patient except a pneumonolj'sis. Re- 
ports from those who practise routine thoracoscopy on all pneumothorax patients 
indicate that the procedure is innocuous and that the only sequelae to be expected 
are are low-grade fever and small transient effusions (12, 13). It is possible, in 
inserting a trocar through the chest wall, to injure the intercostal vessels or to 
plunge the trocar into the lung. However, these accidents must be extremely 
rare. In a series of 372 thoracoscopies without pneumonolysis, collected from 
the available American and English literature of 1943 to 1947 (1, 2, 6, 10, 11, 12, 
13), the complications were reported to be negligible and consisted of low-grade 
fever, transient pleural effusions, or obliterative pleuritis. 

In the opinion of the writer, the introduction of a trocar into the pleural space 
carries less risk than the introduction of a needle, either to establish a pneumo- 
thorax or to administer a refill, particularly as there is now general agreement 
that, when pneumothorax is attempted, the visceral pleura is usually punctured. 
The difficulty lies in the apparent simplicity of pneumothorax. At Olive View 
Sanatorium, for example, during the five-year period ending in 1941, the foUondng 
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were some of the complications recorded in pneumothorax patients not subjected 
to thoracoscopj' or pnciunonolj^sis: 19 air emboli, 5 of which were fatal; 68 spon- 
taneous pneumothoraces, 7 of which were fatal; and 19 bronchopleural fistulae, 
11 of which were fatal. At the same institution, after 73 thoracoscopies, in 
which pneumonolysis was not performed, there w'erc no serious complications 
( 6 ). 

Pneumonob^sis is far from being innocuous; on the contrary, its dangers are 
potentially great (5, 8), certainly greater than those of modem thoracoplasty, 
especiall}’' Avhen clinical judgment and surgical skill are deficient. As the avail- 
able literature is reviewed, however, it becomes evident that the incidence of 
serious operative and postoperative complications is not greater than the com- 
plications which ma}’^ follow persistent pneumothorax, accompanied by adhesions. 

In conclusion, the objectives of thoracoscopy and intrapleural pneumonolysis 
are as follows: (1) to reduce the incidence of complications of anatomically im- 
perfect pneumothorax; (S) to hasten cavity closure and sputum conversion, thus 
preventing hemopt 5 'sis, bronchogenic spread, and other sequelae of open tu- 
berculosis; and (S) to increase the stability of the pulmonary lesions after volun- 
tary cessation of collapse. Thoracoscopy need not be performed routinely in 
all cases of pneumothorax. Moreover, adhesions to apparently uninvolved 
puhnonarj’^ lobes do not need to be severed if tubercle bacilli are not demonstrable 
in the sputum. Nevertheless, there should be greater and earlier application of 
thoracoscopy in those pneumothoraces which present adhesions to the lesion- 
bearing lobe regardless of cavity or sputum status,. a patent cavity in the col- 
lapsed lung, or the persistent discharge of tubercle bacilli of unknown source in 
the sputum. 


SUMMARY 

The complications and results of thoracoscopy and intrapleural pneumonolysi® 
and postoperative pneumothorax, performed at the Los Angeles Sanatorium' 
have been analyzed. In addition, the available literature, published from 1934 
to 1947, which includes a total of 8,659 patients subjected to pneumonolysis, is 
reviewed. Thoracoscopy and intrapleural pneumonolysis are essential in the 
proper management of induced intrapleural pneumothorax, and the indications 
and contraindications for these procedures are presented. Thoracoscopy and 
pneumonolysis can be made less hazardous than maintenance of anatomically 
inadequate pneumothorax. Conversion of anatomically inadequate into ana- 
tomically adequate pneumothorax will both prevent most of the complications 
of pneumothorax and ensure an immediate and long-range control of the disease. 
In patients with anatomically inadequate pneumothorax, in whom pneumonolysis 
is not feasible, cessation of pneumothorax followed by other and more effective 
collapse procedures is indicated. 


SUMARIO 

Neumonolisis Intrapleural 

Anahzanse las complicaciohes y resultados de la toracoscopia y la neumonolisis 
intrapleural y del neumotdrax postoperatorio en el Sanatorio de Los Angeles a 
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la vez quo so rcpasa la iitcralura tlisponiblc, publicada do 1934 a 1947, que com- 
prendo nn lotal dc S.daO cnfcrmos somctklos a la iieumonolisis. La toracoscopia 
y la ncumonolisis inlraplcura! result an indispensablcs cn la asistoncia adccuada 
del ncuniotdrax intrapleural provocado y sc presentan las indicaciones y eoa- 
traindicacioncs dc las mismas, p\jdicndo convorllrsclas cn nrenos peligrosas que 
lo quo scrla cl rnantenimiento de un neuniotdrax anatdmicamcnte inadccuado. La 
transformacidn dc uu ncumotdrax anatdmicamcnte inadccuado en anatdmica- 
mento adecuado impediru la niaj'or parte de las complicacionos del ncumotdrax 
y aseguran'i la cohibicidti inmediata y a largo plazo de la enfermedad. En los 
cnfcrmos con un ncumotdrax anatdmicamcntc inadccuado, cn los que no resulta 
factibic la neumonolisis, cstii indicado cl cese del ncumotdrax seguido de otras y 
rads cficacos tdcnicas dc colapso. 
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BAGASSOSIS 
A Review 


A. LINK KOraX* 


DEFIXmOK 


Bagasse is the name given the fibrous residue resulting from the crushing of 
sugar cane and the expression of its juices. Originally the term was applied in 
Provence, France, to refuse from olive oil mills, and came to mean anything 
worthless. " In Spanish-spealdng countries, the term is spelled bagasaosis, or 
bagazo. In the United States, with Louisiana the leading State in the sugar 
industrj", the French spelling of bagasse is used, 

Pulmonar}' involvement due to inhalation of the dried material (l^agasse dust) 
has given rise to a chnical entity Imown as bagossosis. 

IXmiTSTIUAL USES AXn COAIPOSmON OF BAGASSE 

Because of the touglmess and insulating properties of its fibers, bagasse is 
used for making boards for interior decorating and for acoustic and thermal in- 
sulating purposes. Eecentlj’’ its use has extended to the manufacture of re- 
fractory brick (which resulted in cases of bagassosis occurring in hlissouri). 

TABLE 1 


Approximate chemical composition of lissttcs of Louisiana purple canc (basis of percentage 

of dry matter'} 


COJJSnXUEXT 

nm 

BU.VDLES 

KIND 


fer cent 

1.68 

0.41 

1.94 

32.04 

49.00 

14.93 

per cent 

3.58 

0.72 

2.00 

28.67 

50.00 

15.03 

per cent 

1.64 

0.98 

2.19 

26.93 

51.00 

17.26 

finrl 

Prot,#»in 

Pp.nt.oqnnR 

Cross and bevan cellulose 

Legnin (by difference) 


TABLE 2 


Approximate chemical composition of Louisiana purple cane bagasse 


coNSTHDuirr 

PEE CENT 

Cellulose 

55 

20 

Xylan 

Araban 

4 

Lignin 

15 

Acetic acid 

6 




* Senior assistant surgeon, U. S. Public Health Service. 

55 















50 


A. LINK KO%XN 


The approximate chemical composition of tissues of Louisiana purple cane 
and Ijouisiana purple cane bagasse, may be seen in tables 1 and 2, 

Bagasse dust consists of pith particles for the most part, mixed with some 
bundle and rind fibei-s. There may be some variation in chemical analyses of 
samples of bagasse, depending upon variety and agronomic factors, e.n., soil, 
ct cetera. 

Studies by other workers and from this laborator}' disclose that bagasse jdelds 
from 3 to 4 per cent ash. Total silica was found to be 50 per cent of the ash. 
Chemical and X-ray diffraction analysis of the ash jdclds 3 to 5 per cent silica 
(quartz). Hence, it is improbable that any etiology based on silica could be 
established in the handling of bagasse. In fact, had the ash proved to be 100 
per cent silica, it would still be regarded as a nuisance dust. It is of further 
interest to point out that, in all the cases of bagassosis that have been reported, 
the source of the sugar cane has been Louisiana. The cases described in Elngland 
arose from bagasse that was shipped there in bales from Louisiana, The writer 
has been informed that in Hawaii, the Philippines, Cuba, and Puerto Rico, the 
bagasse is burned for fuel. 

nE%7EW OF PREVIOUS CASES 

Jamison and Hopkins (2) described in 1941 the case of a 20-year-old Negro 
laborer who w'as employed unloading bagasse from a ship at a board-making 
factory. This was such a dusty environment that, although a respirator was 
worn, some dust seeped in and was inhaled. Within four months after employ- 
ment at this job, the patient experienced an acute onset of fever (103.2® F.), 
cough with blood-tinged sputum on several occasions, and d3'spnea on slight 
exertion and after coughing. Physical examination revealed coarsened breath 
sounds and rdles at the lung bases posteriorly. A chest roentgenogram on ad- 
mission was interpreted by the roentgenologist as showing bilateral pneumonia. 
Four days later, repeat roentgenograms w-ere taken which showed miliary mot- 
tling throughout both lungs, similiar to the densities characteristically seen in 
miliary tuberculosis. However, intradermal tuberculin tests were all negative. 
Examination of concentrate from a twenty-four hour and a forti'-eight hour 
total specimen of sputum revealed no acid-fast bacilli, although a fungus W'as 
obtained by culture. The authore failed to state the nature of the fungus. In 
the course of two months, the roentgenographic picture returned to normal and 
the patient became symptom-free. During the period when the patient was 
febrile and dyspneic, he w^as treated with inhalations of carbon dioxide and 
oxygen and a sedative cough medicine. A course of 10.0 grams of sulfapyridine 
was given, which had no effect on the temperature. 

Castleden and Hamilton-Paterson (3), in 1942, reported four cases of bagas- 
sosis. One \vas a young man 19 years of age, wdio, after six weeks of feeding 
bales into the breaking-machine, developed increasing dj’-spnea, cough with 
scanty sputum that was sometimes blood-tinged, and a fever of 100.6° F., wkich 
lasted for a week. The findings on physical examination consisted of impaired 
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percussion with distant bronchial breathing at both bases and diminution of 
vocal fremitus and vocal resonance at the right base. Rdles were present at 
the right base and fine scattered crepitations were heard in all other areas. An 
outstanding feature w'as the presence of cyanosis with extreme dyspnea which 
persisted for three weeks. The dyspnea, which never had an asthmatic quality, 
was markedly relieved by oxygen, which was administered continuously by 
nasal catheter for fifty-one days. Sulfap 5 oidine had no influence on the course 
of the disease. A chest roentgenogram, taken -on admission, suggested bilateral 
bronchopneumonia. A repeat roentgenogram, talcen forty-five days later, 
showed an increase in the area of consolidation. Finally, sixty-one days after 
admission, coinciding with symptomatic relief, the chest began to clear and the 
abnormal findings disappeared. It is interesting to note that the scanty muco- 
purulent sputum contained M. catarrhalis, Sir. viridans, and fusiform bacilli, 
but no tubercle bacilli. The cells in the sputum were epithelial, polymorpho- 
nuclear, and lymphocytic. No eosinophiles were present. Moreover, the blood 
picture did not reveal any eosinophiles. 

The second case which these authors presented occurred in an electrical 
mechanic, 37 years of age, who, although not directly engaged in the work of 
brealcing the bales, spent considerable time in this area making repairs. This 
man developed the same train of symptoms as the patient described above, i.e., 
dyspnea, cough, scanty sputum. On admission in 1940, he showed no abnormal- 
ity beyond a catarrhal bronchitis. Roentgenograms taken nearly a year later 
showed appearances very much like bilateral pulmonary tuberculosis. The 
patient continued to develop an extensive progressive fibrosis of both lungs. 
He died in 1944 and necropsy revealed a contracted, airless and fibrotic upper 
lobe of the left lung. There was considerable bronchiectasis with a few bronchi- 
ectatic cavities up to 1.0 cm. in diameter, which were empty and had smooth 
grey linings. Bronchioles were thickened and dilated up to 0.3 cm. diameter 
throughout the anterior third of the left upper lobe and throughout the lower 
lobes of both lungs and the right middle lobe. The intervening areas consisted 
of well aerated emphysematous lung tissue. There were large areas of severe 
emphysema with emphysematous bullae at all borders of the lower and middle 
lobes of both lungs. There were large areas of fibrotic pneumonia throughout 
and the visceral pleura covering both lungs contained numerous areas of fibrous 
thickening. Fibrous pleural adhesions obliterated both pleural cavities except 
over part of the left lower lobe. 

The third case developed dyspnea, scanty sputum and cough after one month’s 
work at the bale-breaking machine. Roentgenogram of the chest demonstrated 
no lung lesions. 

The fourth case developed dyspnea, cough and scanty sputum after sixteen 
months of work at the bale-breaker. A roentgenogram revealed a general 
streaky opacity throughout both lungs. This patient improved upon being 
transferred to outdoor work. 

Gillison and Taylor (4) reviewed four cases of bagassosis, two of which were 



58 


A. LINK KOTON 


also reviewed bj'' the authors previously cited, Gilh'son and Taylor summarize 
their findings as follows: 

"1. Each man ehowcd an ‘incubation period’ of approximately the same length, as the 
time of exposure to bagasse dust before the onset of acute symptoms was from 2 to 4 months 
in all cases. 

2. The acute phase of the illness was of sudden onset, i.c., one was riding home on the 
bicycle feeling quite well, when 20 yards from bis door, ho suddenly felt ‘winded’, started 
coughing violently, reaching home with difficulty. Another at work ‘suddenly felt a 
tightening feeling across the front of the chest, and a severe hacking cough came on.’ 

3. The cough was particularly molent and continuous for several days. 

4. The sputum was described as ‘dark and looked and tasted like rotted bagasse'. 
‘Green, blue and dirty with a foul smell.’ ‘Dark and 3 'cllow with a burning taste.’ ‘Like 
manure.’ 

6. Three men described severe retrosternal pain coincident with the onset of cough and 
dj’spnea. 

6. All patients complained of great weakness, which continued for months. 

7, Less specific but equallj* marked, were mental depression and loss of weight and 
appetite. 

5. In onli’’ one case was there decided X-ray evidence of disease. This consisted of 
general increase in striations in both lungs, the appearance being suggestive of silicosis in 
the re_ticular stage. 

9. Bronchoscopic examination showed abnormal congestion of the trachea and bronchi, 
excessive white frothj' mucous, glazing of mucosa more marked than normal. The broncho- 
scopic swabs showed no molds.” 

In 1944, Jamison, Bryan and Day (5) reported another case in a 32 - 5 ‘ear-oId 
Negro who was engaged for a month moving bagasse from the fields to railroad 
cars for shipment. He developed dyspnea, cough and scanty clear mucoid 
sputum and fever. The sputum failed to reveal tubercle bacilli or any fungi, 
A roentgenogram, taken on admission, revealed miliary-like infiltration through- 
out both lung fields. There was also enlargement of both hilar regions. On 
the twenty-fourth hospital day, the lung fields started to clear and resolution 
was completed in the course of four months. 

Sodeman and Pullen (6, 7), reported 11 additional cases. They point out 
that dyspnea was invariably the chief complaint, but that a cough with scanty, 
mucoid sputum was an earl}’- and important S 3 Tnptom. In their cases, inter- 
mittent fever rising to 102° F. was observed up to three or four weelcs. Roent- 
genograms showed characteristic miliary mottling throughout both lung fields, 
especially in the hilar areas. In 10 cases, poljTnorphonuclear leucocj’tosis oc- 
curred, A section of lung obtained at necropsy showed a fibroblastic reaction 
of the interstitial tissue. Spicules were not numerous, but alveolar cells with 
foamy cytoplasm were larger and more numerous, in some areas filling the 
alveolar spaces. Needle biopsy specimens were obtained from the lung of one 
patient in the sixth week of the disease and sections were taken at necropsy from 
the lung of the patient who died. These revealed pulmonaiy tissue vath several 
spicules of irregular foreign body embedded in it. There was a fibroblastic 
reaction of the interstitial tissue of the lung. There were many large cells with 
foamy cytoplasm in the alveolar spaces. The foreign bodies were microscopically 
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similar to bagasse, and under the polarizing microscope these “spicules” were 
seen to rotate the planes of polarized light. A resume of these 11 cases may be 
seen in tables 3, 4, and 5. 

Hunter and Perry (8) reviewed the cases that occurred in England, and con- 
cluded that out of 21 men employed in the shredder in a period of fifteen months, 
10 (47.5 per cent) developed the disease. The onset of symptoms usually oc- 
curred after the men had been working on the machine for eight weeks. The 
disease manifested itself as an acute febrile illness with extreme dyspnea, cough 
with scanty, black, stringy sputum, and occasional hemoptysis. Signs were 
scattered throughout both lungs, and roentgenograms of the chest showed 
miliary shadows throughout both lung fields. They concluded that the ap- 
pearances were therefore those of an acute bronchiolitis. The densities gradu- 
ally disappeared over a period of six weelcs, at which time the roentgenograms 
showed the lung fields to be clear. 


TABLE 3 


History of symptoms in 1 1 cases of bagaasosis (Sodeman and Pullen) 


CASE 

AGE 

^CE 

tENGTH OF 
EXPOSURE 

COUGH 

DVSfNEA 

SPUTUlt 

HEMOPTYSIS 

NIGHT 

SWEATS 

1 

18 

w 

weii 

4 

! 

+ 

+ 

+ 

+ 

0 

2 

46 

w 

3 

+ 

+ 

4* 

0 

+ 

3 

26 

w 

20 

+ 

+ 

0 

0 

+ 

4 

30 

N 

6 

+ 

+ 

-h 

0 

— 

5 

34 

N 

— 

+ 

+ 

+ 

, 0 

— 

6 

19 

W 

28 

+ I 

+ 

+ 

0 

— 

7 

27 

N 

104 

+ i 

+ 

0 

0 

+ 

8 

28 

N 

12 

-J- 1 


+ 

+ 

+ 

9 

27 

W 

— 1 

+ 1 


4 

4- 

+ 

10 

22 

W 

— 

+ 

+ 

+ 

0 

4- 

11 

20 

N 

16 


+ 

+ 

+ 

4- 


ETIOLOGY 

The exact etiology of bagasse disease still remains obscure. Sodeman and 
Pullen (6, 7), have demonstrated bagasse particles in the alveoli (lung biopsy 
and section of lung in necropsy) in patients vdth this disease. One may con- 
clude that bagasse may enter the alveoli and initiate a fibroblastic reaction, and 
that, by digestion or absorption through the activity of cellular response, these 
changes are removed and a normal functioning lung (normal on roentgenologic 
examination) remains. 

In their first report, Jamison and Hopkins isolated a fungus but did not state 
its characteristics or type. Castleden and Hamilton-Peterson, as well as Gilli- 
son and Taylor, failed to isolate a fxmgus. I^Tiere ftmgi were isolated, they 
were thought to be contaminants which were not associated with the disease. 

A disease Icnown as maple bark disease (9) presents a similar roentgenologic 
picture. The implication of fungi in pulmonary allergy and infection is well 
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positive skin reactions to common air-borne fungi in patients. In 1928, Hansen 
(12) reported a number of cases in which asthma could be produced by spores 
of molds which were cultivated from the environment. The patients whom he 
studied also gave skin reactions to extracts of the fungi. The species to which 


TABLE 5 

Roentgenologic findings in bagassosis {Sodeman and Pullen) 


CASE 

NUUBEB 

EOENTCENOLOCIC PICTURE OP CHEST 

DAYS IN 
BOSPITAI. 

POLLOW-UP 

1 

Miliary ground glass mottling 
throughout both pulmonary 
fields radiating from hili, apices 
clear. 

84 

Chest roentgenologically clear 
one month after discharge. 

2 

As above. 

93 

Chest roentgenologically clear 
eleven weeks after discharge. 

3 

As above. 

23 

No follow-up. 

4 

As above. 

31 

Chest roentgenologically clear 
thirteen weeks after discharge. 

5 

As above. 

9 

Chest roentgenologically clear 
thirteen weeks after discharge. 

6 

As above. 

19 

Chest roentgenologically slightly 
cleared on discharge; no 
follow-up. 

7 

As above. 

18 

No follow-up. 

8 

Apices also involved. 

15 

No follow-up. 

9 

Miliary ground glass mottling 
throughout both pulmonary 
fields indicating from hili, 
apices clear. 

86 

Chest roentgenologically clear 
two and one-half months after 
discharge. 

10 

As above. 

14 

No follow-up. 

11 

As above. 

29 

Chest roentgenologically clear 
one month after discharge. 


Hansen found the patients reacted were Aspergillus fumigatus, Aspcrgill'us 
glaucus or Peninllium glaucum. Hopldns et al. (13) reported asthma resulting 
from the fungus Altemaria. H. S. Bernton (14) reported a case of asthma 
caused by Aspergillus Jumigaius, which is a regular inhabitant of the soil and 
may be found in a dirt-contaminated environment. Fawcitt (14) summarizes 
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the mycotic infections that may appear in the lungs of agricultural workers as 
follows: 

"1. Hay-workcrs~infccted b}* Aspergillus, Penicillium, and Mucor species, mixed. 

2. Grain-workers — Infected b 3 ’' Penicillium sp. or mi-xed, with penicillium predomi- 
nating. 

3. Stablemen and gardeners— Mucor species. 

4. Horsemen — Absidia corj-mbifera (one case). 

5. Cattlemen — A. Monilia group 

B. Actinoraj'ces 

6. 'Botrjdis predominating’ in a mixed infection in a woman living next door to a 
stable.” 

Thus the possibilitj’' that bagasse disease ma}' be caused by a fungus has a 
precedent in other diseases. However, there is no clear evidence to support a 
relationship of a fungus to bagasse disease. It is of interest to point out that 
workers exposed to dust of the insulation board after processing have not as j'et 
been reported to acquire bagasse disease. Processing which includes heat treat- 
ment (200°C.) destro 3 ’’s not onlj-- fungi and bacteria but allergenic protein as well. 

A similaritj’’ exists between bagasse disease and an acute illness among workers 
using low-grade stained cotton. The latter disease presents a picture of an 
acute illness that develops among workers exposed to high concentrations of 
cotton dust (mattress malcers, cotton mill workers, upholstering plant workers) 
and is found to be caused by inhalation of gram-negative rod-shaped bacterium 
(Aerohacter cloacae) which is contained in dust from stained cotton. This 
disease resembles mill fever, Mondaj’’ fever, gin fever, grain fever, hemp fever, 
and heckling fever. 

However, the clinical picture of this disease is different from that of bagasse 
disease. The onset is sudden (vithin a few houi-s after exposure) and lasts only 
one to two das’-s. Predominating sjanptoms are drj’’ throat, aches, fatigue, 
headache, cough, chills, fever, and nausea and vomiting. 

Castleden and Hamilton-Paterson were the first investigators to suspect an 
allergic reaction as the cause of bagasse disease. The 3 ’' prepared four t3T3es of 
extracts: 0.1 N solution of NaOH, 0.1 N HCl, isotonic sodium chloride and SO 
per cent alcohol in distilled water. Tricresol 0.25 per cent, was added to each 
13^)6 of extract. The extracts containing acid or alkali were neutralized before 
use. In one of their cases, the alkaline, acidic, and alcoholic extracts, given 
intracutaneously in doses of 0.2 cc., all elicited a wheal which was maximal in 
thirty minutes, and a flare which was maximal in thirt 3 '-six hom-s. Tlie saline 
e.xtract gave a flare but no wheal. Three patients tested gave positive reactions 
and a group of controls who did not have bagasse disease failed to react to the 
saline extract and were not tested with the other extracts. Hence, these in- 
vestigators concluded that bagasse contains an antigen soluble in isotonic solu- 
tion of sodium cliloride to which workers iohaling the dust can be sensitized. 
They further suggest that the acute phase of the disease is possibl 3 ’- an allergic 
response to the antigen with, or more likely without, an infective element. 

Sodeman and Pullen (7) repeated this work in 3 patients and 5 controls. 
They found positive results in each instance and concluded that the reactions 
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were irritation phenomena, with the release of histamine, and did not necessarily 
indicate sensitization to bagasse. However, the possibility that bagasse dis- 
ease may be an allergic pulmonary disease is still not excluded. The syndrome 
described bj'- Loeffler in 1931 of a transient puhnonaiy infiltration accompanied 
by eosinophiha in the blood, which disappears spontaneously, resembles bagas- 
sosis. However, there are differences in Loeffier’s syndrome which are at vari- 
ance with bagassosis such as: attacks of asthma with cough, eosinophiha and 
elevated sedimentation rate, paucity of rales over the involved pulmonary areas, 
and roentgen findings of areas of consolidation- appearing and disappearing 
rapidly with complete clearing in a week. 

Tuberculosis has been excluded by the absence of tubercle bacilli and the 
negative results of tuberculin tests. Hence, one must conclude that bagassosis 
is a pneumonoconiosis due to bagasse dust (using the term pneumonoconiosis in 
its general meaning, all pulmonary diseases due to dusts, whether or not fibrosis 
is incurred). Whether bagassosis is caused by fungi, bacteria or a series of 
organisms associated with the dust, or by an allergy to the bagasse or its pos- 
sible bacterial contaminants or theh products, or by some chemical or physical 
property of the dust or any combination of the above, is still open for investiga- 
tion. As Hunter and Perry (8) point out, bagassosis is an industrial disease 
with serious complications, as evidenced by the fact that of 24 cases there were 2 
deaths, a case fatality rate of 8.3 per cent. 

In view of the obscurity which surrounds the etiology of bagassosis and the 
lack of any specific treatment, chief reliance at present lies in prevention of a 
dusty environment by the use of proper exhaust ventilation, water spray, or a 
wet method for collecting and breaking of the bales. 
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VETERANS ADMINISTRATION TUBERCULOSIS DIVISION 1945-1947'-* 

Progress Report 
JOHN B. BARNWELL* 

PROBIiEM 

In September, 1945, immediately after the end of World War II, the Veterans 
Administration had at its disposal slightly more than 9,000 tuberculosis beds, of 
which nearly one-half were occupied by veterans of World War I. It was clear 
that a great many more beds would be required, for 12,000,000 troops were to 
become veterans and were thus to become our responsibilit}’’ rather than that of 
the Army and Navy. It was realized that each milh'on veterans had its quota 
of tuberculosis. The exact size of that quota, however, and the speed ■v\dth 
which beds should be provided, were verj’- far from clear. For a number of 
reasons, we could place little rehance upon statistics obtained from World War 
I. The preliminary roentgenologic screening which troops of the recent war 
underwent at the time of their induction would tend to make World War I 
statistics unduly high. Converselj’’, the roentgenologic examinations conducted 
on discharge would reveal a peak load in the immediate futm-e rather than a 
gradual accumulation discovered over a period of four years, as occurred after 
World War I. Furthermore, we would be dealing vdth a group which had been 
subjected to a much more prolonged period of phj'^sical strain than had been the 
case with veterans of World War I and, in the case of our troops of occupation, 
with a group which had experienced intimate contact with hea^^ly infected 
civilian populations in many countries. An additional element, wluch upset 
even such hjqjothetical calculation as we were able to malie in the fall of 1945, 
was imposed by the very rapid demobilization which was forced upon the Serv- 
ices by public sentiment. This demobilization was so rapid that veterans, 
complete with “ruptured ducks,” were for some time being created at the rate 
of 1,000,000 a month. In this rapid demobilization, large munbers of Army 
and Navy medical corps personnel were being discharged. Hence, it became 
necessary that hospitalized tuberculous patients be transferred promptly to our 
hospitals or, as was done in four instances, that we should assume the adminis- 
tration of entire military hospitals. 

The same difficulty which applied to our estimating the number of beds which 
would be required applied equally to estimates of the numbers of professional 
and nonprofessional staff which we should recruit. The size of the one would 

* Amplification of a speech delivered before the Mississippi Valley Conference in Chicago, 
Illinois, September 9, 1947. 

* Published with the permission of the Chief Medical Director, Department of Medicine 
and Surgery, Veterans Administration, who assumes no responsibility for the opinions ex- 
pressed or the conclusions drawn by the author. 

* Chief, Tuberculosis Division, Veterans Administration. 
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our staff of tuberculosis specialists in Veterans Administration hospitals from 
202 to 395 full-time physicians and from 3 to 124 part-time ph 5 'sicians. We 
have also, although but temporarily, 180 doctors on assignment from the Army 
and Navy and 12 residents in tuberculosis. The munber of nurses on duty has 
increased from 656 to 1,041 and we have, in addition, 60 cadet nurses. More 
than 100 cadet nm-ses have completed four to sLv months’ special training in 
our tuberculosis hospitals. 

PROGRESS, ADmNISTR/VTI\TE 

So much for figures. The 3 ’' show readity enough that the size of the job and 
the equipment for handling it have approximate!}’- doubled in the past two 3 ’ears. 
It is b}’’ no means so eas}’ to satisf}’’ ourselves or to show mathematicall}’ that 
there has been a similar qualitative improvement in the care of patients or, in- 
deed, that an}' such improvement has occurred. Several administrative changes 
were introduced, however, which should have effected such an improvement. I 
should like to list them. 

Creation of Division of Medicine and Surgery: Public Law 293 was passed by 
the Sevent 3 ’-ninth Congress and approved b}’ the President on Januaiy 3, 1946. 
This law removed the professional staff of the Veterans Administration from tlie 
jurisdiction of the Civil Service Commission, although the retirement benefits of 
Civil Service were maintained. Moreover, the new law permitted salaries to 
be fixed on the basis of professional e.xperience and competence rather than on 
the basis of administrative position. Thus, a hospital manager is no longer 
entitled to a higher salaiy than a clinical director or a chief of sendee, and the 
financial inducement to abandon clinical work has disappe.ared in consequence. 
As a further encouragement to professional competence, this law granted an 
automatic 25 per cent salary increase to holders of certificates from the various 
specialty boards and set a maximum annual salar}’- of $11,000, subject to income 
taxes. 

Creation of Branch Office and Section Chiefs: The administrative problems of 
the Veterans Administration are so spectacularl}’- large, not onl}’ in medicine, 
but, perhaps, even more in the fields of insm-ance and education, that it seemed 
impossible to manage them from an}’ single office. The Administrator conse- 
quently divided the United States into 13 geographical units, very much lilce the 
corps areas or service commands of the militar}’, and established a Branch 
Office in each of them. An}’’ Veterans Administration Office can be readily 
identified b}’- the presence on its walls of the gaud}’ maps with many-colored pins 
which identify these branches and the vaidous units vithin them. A Branch 
Medical Director is responsible for the medical actmties in each Branch area 
and -ndthin his Division of Professional Services there is, amongst others, a 
part-time or full-time section chief for tuberculosis and a full-time assistant 
section chief. The following individuals have been appointed to these positions 
and have sers’ed, with little change in personnel, for the two years covered by 
this report. 
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BrcincJi 

1. Boston, Mass. 

2. Now York, N. Y. 

3. Phil.adolphia, Pa. 

4. Richmond, Va. 

5. Atl.anta, Ga. 

6. Columbus, Ohio 

7. Chicago, 111. 

S. St. Paul, Minn. 

9. St. Louis, Mo. 

10. D.allas, Tex. 

11. Seattle, Wash. 

12. San Francisco, Cal. 

13. Denver, Colo. 


Chief 

Dr. Donald S. King 
Dr. Gilberto S. Pesquera 
Dr. C. Howard Marcy 
Dr. Doan B. Cole 
Dr. W. Atmar Smith 
Dr. John W. Towey 
Dr. Frank L. Jennings 
Dr. Everett K. Geer 
Dr. TIerbert L. Mantz 
Dr. Julius L. Wilson 
Dr. Grover C. Bellinger 
Dr. Chcslcy Bush 
Dr. H. Dumont Clark 


Assistjnl chief 

Dr. George C. Wilson 
Dr. Cameron St. C. Guild 
Dr. Henrj’ A. Gorman 
Dr. Edgar C. Harper 
Dr. John F. Busch 
Dr. Stephen K. Molnar 
Dr. Andrew G. Goesl 
Dr. Russell 11. Frost 
Dr. Samuel S. Romcndick 
Dr. Thaddeus M. Koppa 
Vacant 
Vacant 

Dr. Glen Doolen 


Tlie function of Central Office is the development of policies and the super- 
vision of their execution. Branch offices arc the operating units and the section 
chiefs, with their assistants, are responsbile to the Branch Medical Director, 
and so to Central Office, for the care of tuberculous veterans in all the hospitals 
witliin the area. This is a large responsibility, extending into the fields of hospi- 
tal planning, staff appointments and education, and inspection. The efficiency 
of the several branches varies directly with the ability of their section chiefs and 
the time at their disposal. Our progress in this decentralization program has 
been slow, but in it lies our onlj* salvation. If we can keep the personnel nothin 
the branch offices at their present level of attainment, and can maintain the 
interest which they have displayed at considerable self-sacrifice, the successful 
professional administration of our program is assured. 

Irregular Discharges: The fact that veterans may leave our hospitals without 
permission or against medical advice has long been a source of difficulty with 
the Veterans Administration treatment progi’am. A veteran cannot be legally 
compelled to staj’’ in a hospital which he voshes to leave, nor can he be prevented, 
after a certain intersml, from reentering the same or another Veterans Adminis- 
tration hospital. This situation has encouraged the development of a certain 
class of “floaters” who move to our hospitals in the West or South for the winter 
and may return to the Adirondacks for the summer. Some of these discharges 
are undoubtedly a consequence of inadequacies in our service, some result from 
the psychological make-up of the veterans involved. We are attempting to 
investigate the latter factor by a social study of all veterans who left our hospi- 
tals in irregular fashion during the month of July, 1947. 

A laAv \vhich was designed, in some part, to counteract this tendency was ap- 
proved by the President on August 8, 1946. Its primary purpose ^vas to abolish 
the distinction which had previously existed between veterans with and without 
dependents so that those without dependents had been deprived of all compen- 
sation except spending money during hospitalization; The new law also pro- 
vided that veterans without dependents would receive full compensation for the 
first six months of hospitalization. After that period, however, a major portion 
of the compensation "would be impounded and would be returned to the patient 
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only at the time he received a regular discharge. If he were irregularly dis- 
charged, the impounded moneys would be retained for an additional six months. 
One branch medical director felt that this law encouraged veterans to leave 
before their first six months of hospitalization had been completed. No other 
medical director has expressed dissatisfaction wth the working of the law al- 
though one branch office in the South found it to be disliked by those veterans 
with “unapproved” dependents. 

This new regulation may assist in reducing the frequency of a type of discharge 
which is admittedly a reflection on Veterans Administration care, particularly 
in its psychological aspects. I would like to illustrate the difficulty of using 
statistics to measure any degree of improvement which we may malve in this 
direction. In June, 1947, irregular discharges in our tuberculosis hospitals 
ranged from 16.4 per cent to 54.6 per cent, with a mean of 30.5 per cent. The 
latter value, incidentally, is comparable to the mean for irregular discharges 
from cmlian institutions. I have recently visited the hospital with the best 
records and I can assure you that it is a very beautiful and comfortable place to 
live. It is not a reallj’’ good tuberculosis hospital, however, although its staff 
is conducting an outstanding streptomycin and surgical program. On the 
other hand, the hospital with the apparently disgraceful rate of 54.8 per cent 
was recently opened and there is reason to believe that the neighboring institu- 
tions followed an old army custom by transferring their least cooperative pa- 
tients to it on its opening day. It is encouraging, I believe, that, with the single 
exception of our most isolated hospital, no other unit had a rate exceeding 35.6 
per cent for the month in question. As another example of the incomplete 
pictirre provided by the statistics, I would like to mention the case of a new 
manager who went into one of our hospitals that had held a poor reputation for 
years. He instituted bed-rest and discipline. With the aid of the local service 
organizations, the local police and taxicab companies, and indeed, the w'hole 
community and its hospital, he got rid of drunlvermess and his patients for the 
first time were “taking the cure.” I asked him to let me quote the new' figures. 
He told me they looked worse than the old, for he had been compelled to dis- 
charge those who w'ould not take treatment. I Imow' the manager and I Imow 
the chief of medicine and they both tell me thej' now have a hospital instead of a 
combined “flop house and country club.” I believe they have effected a real 
improvement, which is not evident from the statistics except for the fact that, 
where prevdously 40 per cent of the patients refused surgery j'ear after year, 
such refusal is now rare. 

A similar problem was handled in like manner by a new cliief of tuberculosis 
in another of our hospitals. It developed that 10 of the 180 patients w’ere un- 
willing to adnait that thes' w'ere in a hospital rather than a boarding house. 
They left amicably enough with the understanding that, if they ever Avished real 
hospital care, they w'ould be readmitted without prejudice. 

These patients, wffio are unAvilling to accede to the hospital regulations which 
we believe essential for their proper treatment, constitute only a part of our 
irregular discharges, but they constitute a verj' definite group and I am unwilling 
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to admit that the ■\’'eterans Administration should do nothing about them. They 
must receive care. We are considering the establishment of a so-called “health 
resort” for them, where they can live in the manner to which thej'' have become 
accustomed. I have recently visited two hospitals which could be converted to 
such a resort and I am still looking for the personnel who could manage it. 
Compcnsalion after Discharge: Another administrative action which will, I 
believe, improve the long range results of our treatment was accomplished by a 
change of instructions issued by the Veterans Administration Rating Schedule 
Board on July 14, 1947. Prc\'ious to tliis change, full compensation could only 
be provided to a veteran for six montlis after his discharge from a hospital as 
an arrested case. At present, this compensation may be extended for two years, 
providing only that a tuberculosis specialist emploj'ed by the Veterans Adminis- 
tration certify, at intervals of six months, that the patient is not yet ready for 
full-time gainful employment and that he is on a program of rehabilitation ■with 
restricted activity. 

Follow-up after Discharge: In January, 1946, we urged upon the branch offices, 
and upon the more numerous regional offices under their jurisdiction, the im- 
portance of following the progress of pateints after their discharge from hospital 
by arranging for physical examinations at three month intervals. The Veterans 
Administration is in a peculiarly favorable position to make an attempt of this 
sort, for the addresses of all veterans are on file and, so long as the veterans are 
receiving compensation, these addresses are sure to be accurate. The attempt 
was made prematurely in the sense that our decentralization program was in- 
complete and, in consequence, neither branch nor regional offices were fully 
staffed or familiar with their responsibilities. As our organization improved, 
however, the program began to show results and it is now moderately successful. 
The degree of success varies considerably from office to office, depending upon 
the energ}’’ and ability of its staff. 

Case Finding Program: In the ver 3 '’ real sense that the early detection of tu- 
berculosis facilitates its successful treatment, our adoption of the mass roent- 
genologic survey method should improve the quality of our care. Routine 
chest roentgenograms are now made on all patients at the time of their admission 
to all hospitals and on all veterans who visit our outpatient departments for 
pension or compensation examinations, unless they have been examined within 
the previous six months. In addition to this, annual roentgenograms are to be 
obtained for all hospital employees and all patients who are hospitalized for 
more than one j’-ear. This program is not yet completely in effect but, when it 
is fully established, we estimate the number examined will approximate 1,800,000 
annually. In addition to our regular roentgenologic equipment, 20 photoroent- 
gen units have been installed, and both public health departments and tubercu- 
losis associations are helping us reduce the backlog of employees and clironic 
patients who are awaiting examination. During 1946, tuberculosis was diag- 
nosed in 75 of our employees. The incidence was lower in our tuberculosis 
hospitals than in our general hospitals, but this ratio may not be maintained 
once the backlog has been eliminated and the surveys become current. 
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Case Registers: A register has been prepared in Central Office which contains 
the names, addresses, and what is essentiall 5 '- a clinical abstract, of the 35,000 
veterans of World War II who have been discharged from the Sendees with a 
diagnosis of tuberculosis since 1942. Concurrently, a separate register has been 
prepared containing similar data for the 22,000 veterans of World War II who 
are receiving compensation for disability caused by tuberculosis. The data 
contained in these registers have never been available to the Veterans Adminis- 
tration before and we expect to derive gi-eat profit from them. At last we shall 
be able to prophes}'’ our future case load by processes of reason rather than “by 
guess and by God.” As copies of these registers are distributed to the branch 
and regional offices, and as these offices suppl}’- the data to keep their informa- 
tion current, we shall be able to adjudge the effects of treatment, to observe 
the course of disease, and to determine the advisability and effectiveness of our 
medical and social service follow-up. 

Liaison With Health Departments: With the design of improving the supervision 
of our patients after they leave hospital, as well as in the interest of medical 
statistics, we have extended om- liaison with public health departments. At the 
time a diagnosis is established, and again at the time the patient is discharged 
from hospital, the case is reported to both state and county or municipal de- 
partments in the patient’s place of hospitalization and in his place of residence. 
Rehabilitation: I am convinced of the value of rehabilitating veterans while they 
are still patients in our hospitals. Although I cannot quote figures to prove the 
point, it is surely true that even a very expensive program would be worth wliile, 
not onl 5 ’' in improved morale, but also in dollars and cents, by accelerating the 
patients’ return to gainful emplo 3 ment. By the term “rehabilitation” I mean 
to include physical medicine, vocational training, and vocational guidance; 
all facets of a single subject and with a single object. We have expanded the 
rehabilitation program considerably. It is already well established in 6 of our 
19 tuberculosis hospitals. We must expand it more, and we vill do so as the 
specially trained personnel which is required becomes available. We have 
commenced an interesting study in this field bj"" setting aside an entire hospital, 
near Asheville, North Carolina, as a rehabilitation center, very much as the 
Army did in the rehabilitation of deaf or paraplegic cases. To this center come 
tuberculous veterans who have stable lesions and who have progressed sufficiently 
to be out of bed for five hours a day. The 3 ’’ Hias’’ remain there until the 3 ’' are able 
to indulge in vocational and recreational activities for as much as ten to twelve 
hom-s a da 3 ^ The center has onl 3 ’' been in operation for three months but the 
plan seems to be worldng well. It should be successful, for the idea behind it is 
sound. I do not believe that such a rehabilitation program will prolong the 
total period of hospitalization. A suggestive indication that the patients like 
the idea may be seen from the fact that the center has had but 11 per cent ir- 
regular discharges. 

Training of Doctors and Nurses: As I have already mentioned, it is a shortage of 
doctors and nurses who are trained and experienced in tuberculosis w'ork that 
is responsible for our present inability to house all tuberculous veterans in 
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Veterans Administration hospitals. This shortage will become worse in the 
immediate future when the doctoi-s trained by the Army and Navy, and loaned 
to us by them, complete their terms of enlist ment. It will become still worse 
within the next two or three yearn if, as we anticipate, our tuberculosis load in- 
creases by some 20 per cent. Wc arc eager to recruit trained personnel from 
Chilian hospitals and .practice. But there is a limit bejmnd which we cannot 
go in tliis direction, beyond which we should not go from the point of view of the 
national welfare. We shall have to rely upon our own resources for much of tliis 
increase in personnel. We shall have to attract, and to train in tuberculosis 
work, the residents, and possibly the internes, who come into om- general hos- 
pitals. I am, therefore, particularly’' interested in the idea of rotating our resi- 
dents in internal medicine through tuberculosis units. This should be relatively 
simple in general hospitals containing a tuberculosis service and, as a matter of 
fact,- it is already in effect in several instances. The system should not be im- 
possible even in our more isolated tuberculosis hospitals. 

The preparation of our hospitals for the training of nurses in the care of tu- 
berculosis has proceeded more rapidly than was anticipated. Within a year of 
the establishment of the position of Nurse Specialist in Tuberculosis, we had 
received student affiliate nui’ses in 3 of our tuberculosis hospitals. One hundred 
cadet nurses have received this training. I am pleased to be able to say that 
si.x of seven students from Johns Hopkins returned to a Veterans Administration 
tuberculosis hospital upon their graduation. 

Eight of our hospitals have been temporarily approved by the American Medi- 
cal Association Council on Hospitals and Education for training in tuberculosis. 
The approval of many more is pending. The American Board of Internal Medi- 
cine now allows two years’ ser\’ice in an approved hospital to count as years of 
practice of internal medicine in qualifydng for examinations. 

Centers for Thoracic Surgery: Each of our hospitals has its group of part-time 
consultants, who function very much as do ‘'visiting men” in civilian hospitals 
and who exercise varydng degrees of responsibility, depending upon the compe- 
tence of the hospital’s full-time staff. The consultants have done a great deal 
to improve the standards of hospital care and at a cost which averages only 12 
cents a patient-day. Largely through the assistance of such consultants, we 
have been able to increase from 5 to 40 the number of our hospitals in wliich such 
radical thoracic surgery as lobectomy and pneumonectomy can be performed. 
These centers must be staffed, not only with e.xpert surgeons, but also by in- 
di-viduals ■\\dth special training in diagnosis, anesthesia, and nursing. Before a 
center is certified, it must have been approved by the branch office section chief 
in thoracic surgery and by Dr. Brian Blades, Chief of Thoracic Surgery. 

Isolation Techniques: Another change which we have sought to introduce into 
all of our tuberculosis units by administrative measures has been the introduction 
of isolation techniques. Our attempt has been incompletely successful, partly 
because of the difficulty in obtaining and installing the necessary plmnbing 
fixtures, and in part because of incomplete acceptance by the hospital staffs of 
the underlying principles involved. 
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PROGRESS, INVESTIGATIVE 

In the two years since I joined the Veterans Administration, I have been con- 
tinually and deeply impressed with the opportunities for clinical research w'hich 
its facilities provide. Consider the quantity of material at our disposal in the 
field of tuberculosis: 15,000 patients, 80,000 veterans recehing compensation, 
46,000,000 X-ray films. The Army may have had such masses of material avail- 
able to it during the recent w^ar, but only for brief periods and at a time w'hen the 
main preoccupation was elsew^here. Surely such material has not been available 
to any other organization. From study of this material it should be possible to 
provide answers to many pressing questions. Moreover, at the moment we are 
fortunate in having an Administration and a Congress w’hich are favorably dis- 
posed to the use of funds for research. 

Streptomycin: Our major research efforts during the past year or more have been 
directed tow'ard investigating the effects of streptomycin upon human tubercu- 
losis. The Veterans Administration is not, and should not be, in a position to 
make the first clinical trial of a new drug, either in the treatment of tuberculosis 
or any other disease. Once a new drug has been tried, how'ever, and has been 
shown to have some promise of effectiveness without undue toxicity, the Veterans 
Administration is peculiarly, and perhaps uniquely, fitted to conduct a large 
scale evaluation of its effectiveness and the best regimen for its administration. 
Our immense resources of clinical material, our financial resources, and the rather 
loose but definite control which we can exert over our many hospitals, combine to 
give us a great advantage over civilian investigators. We have sought to exploit 
these advantages in our study of streptomycin. The Bureau of the Budget 
placed at our disposal a million and a half dollars in the fiscal year 1947 and two 
million dollars in the present fiscal smar of 1948. I w'ould like to emphasize that 
more than 98 per cent of our expenditures has consisted of purchases of strepto- 
mycin and less than 2 per cent has been devoted to administrative purposes. 

Our early difficulties were not financial, but were concerned with obtaining 
streptomycin. By June, 1946, the pharmaceutical industry had appreciably 
diminished these difficulties. In cooperation with the Arms’- and Nary, a 
protocol was prepared setting forth criteria w’hich were to be followed in the 
selection of cases for treatment and the dosage regimen wiiich was to be used. 
Study units were established in 7 Veterans Administration hospitals during the 
course of the summer of 1946. One of these units w-as designated to study only 
genito-urinary tuberculosis and, to facilitate this study, suitable cases from all 
over the East w'ere collected at our hospital in New York City. Similar ar- 
rangements w-ere made for patients with tracheobronchial disease and draining 
cutaneous sinuses. 

A most successful means of maintaining liaison between the study units has 
been through Streptomycin Conferences w'hich are attended by all the investi- 
gators, by representatives of federal agencies and national societies, and by a 
number of consultants. These conferences have been held in St. Louis and 
Chicago and have been of tliree of four days’ duration. From the decisions 
reached at these conferences, the progress of the investigation can be fairly well 
charted. 
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At the first conference, in December, 1946, the preliminary results were re- 
viewed and found to be sufiiciently favorable to justify enlargement of the study. 
The number of participating hospitals was therefore increased from 7 to 20. 
The second conference, held in February, 1947 put into effect a decision to de- 
centralize the control of streptomycin to the branch offices. Streptomycin 
committees were established in each office and were authorized to supply strep- 
tomycin for the treatment of appropriate cases in any Veterans Administration 
or contract hospital within their area which was able and willing to abide by the 
terms of the protocols for each of the more important types of tuberculous disease. 
By May, 1947, at the time of the third conference, some 900 cases had completed 
treatment or were sufficiently near completion so that the results of the single 
regimen which had been employed up until this time could be evaluated. It was 
the decision of this conference to explore new regimens and the study units 
divided themselves into three groups, each of which adopted a different schedule. 
At the fourth and most recent conference, the effectiveness of these new regimens 
upon 500 additional cases was reviewed and still other schedules were adopted. 
The new regimens were designed to examine the effectiveness of still lower doses 
of streptomycin and combinations of the drug Avith collapse procedures and with 
promin. 

I have been much impressed with the fact that in a cooperative investigation 
of this sort it is possible to collect uniform data on a large series of cases in a short 
period of time. In scarcely more than a year we have collected information on 
1400 cases in the 20 study units alone. I think there can be no doubt but that, 
in the course of collecting these data, a considerable proportion of the hospital 
staffs were interested and lifted above themselves by virtue of their participation 
in an important clinical investigation. I should like to emphasize that, although 
the study was necessarily designed in rather an arbitrary and centralized fashion, 
it has been our constant attempt to place the responsibility for decision as to 
changes of policy upon the shoulders of the several investigators. It may now, 
I believe, be regarded as a cooperative venture in the best sense of the word. 
Control of Air-Bome Infection: The decision to explore the efficacy of germicidal 
lamps upon the transmission of tuberculosis in our hospitals was made at a 
conference with civilian authorities in February, 1947. Surveys for the complete 
equipment of two typical hospitals have been made. When the installations are 
completed, it will be a matter of gi-eat interest to observe the incidence of new 
disease in these hospitals in comparison uoth hospitals not so equipped. The 
expense of the equipment, as well as a certain skepticism of its effectiveness, has 
made it desirable to start the study in a rather limited way. The oil treat- 
ment of blankets, bed linen and floors has been adopted by one unit in the manner 
suggested by the office of the Surgeon General of the Army. 

BCG Vaccitiation: It has been decided to delay any study in this field until 
results of the large scale investigation initiated by the U. S. Public Health Ser- 
vice become available. 

Emotions in Tuberculosis: A committee under the joint chairmanship of Dr. 
Carl Binger of New York and Dr. James Wearing of Denver has been formed to 
investigate this subject. The team operating under the guidance of the com- 



74 


JOHN B. BAENT;\T5LL 


mittee is to be composed of a psycliiatrist, an internist, a social worker and a 
psychiatric social worker, all of whom have had experience in tuberculosis. 
They will start at Sunmount, New York and spend two to four months in each 
tuberculosis hospital. The personnel for tliis nndertaldng is now being sought. 
X-ray Film Depositary: The Arm}' and Nav 3 ’' have turned over to the Veterans 
Administration all the induction and separation films on e-x-serwce men and 
women. This collection, composed of 46,000,000 films, is the largest file ever 
made and is in a single warehouse in Wasliington. Sevent 5 ’'-five per cent of the 
films have ahead}'" been catalogued and are available for studj’-; the process is 
continuing at the rate of 31,000 a da 5 ^ The collection should be an invaluable 
focus for the stud}’’ of a variety of problems. Certain films may be loaned to 
Veterans Administration and contract hospitals to assist in the treatment of 
hospitalized veterans. We have aheady used some of these films to malce a spot 
check of the compensation rolls of two regional ofiices. From these samples, 
we have reason to suspect that a number of cases should never have received 
compensation and that some should never ha'^^e been diagnosed as tuberculosis. 
The number of such errors alone appears sufficiently large to justify the financial 
outlay involved in preserving the depositary; in fact, a careful study of the ma- 
terial should result in saving the Government enormous sums of money. 

STBnOuRT 

I have attempted to describe the events which have transpired in the tubercu- 
losis service during the last two years. I have undertaken this report ■v\"ith some 
reluctance for, although all the steps which have been made have ob"vdously been 
designed to improve the medical care of the tuberculous veteran, it is difficult to 
describe their effectiveness -uith any precision. It is easy enough to prove that 
the patient load and the size of our staff has doubled. It is much less easy to 
prove that the quality of care, our chief concern, has improved in similar fashion. 
The difficulty arises in part from the usual difficulty in attempting to quantitate 
a qualitative change, and in part from the decentrafization progi-am. The latter 
move, neccessary as it was, leaves Central Office in considerable ignorance as to 
what is going on in the hospitals. In the long run, the quality of patient care 
■n-ill vary directly with the quality of the staff, their professional competence, 
then" diligence, their interest, and their enthusiasm. Om- chief objective, there- 
fore, must be the training and recruitment of good physicians and nurses. We 
have a good deal to offer them. They haAm ever}’thing to offer us. 

I have recently returned from a trip in which I Aisited 11 tuberculosis units 
from Kentucky to California. Some AA'ere Dean’s Committee hospitals in large 
metropolitan areas, some AA'ere xmsponsored hospitals in isolated areas from the 
Black Hills of the Dakotas to the deserts of the SouthAA-est. I obsen'ed a genuine 
desire on the part of a majority of the staff to do a better job. There seemed to 
be a general belief that improAmment had been accomplished in the past tAA'O 
years and a Amry healthy reafization that there wasroom forfurtherimprovement. 
Of the 11 hospitals AA'hich I saw' on this occasion, I w'as able to commend 5 and 
to tolerate 3 ; the remaining 3 appeared unsatisfactory. The major source of my 
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dissatisfaction was that Chiefs of Service were not sufficiently familiar with the 
cases on their wards. Sometimes the lack of familiarity originated in that old 
governmental bugaboo, paperwork. Sometimes, and most unexpectedly to me, 
it seemed to arise from a preoccupation Muth the patients who were receiving 
streptom 5 ’’cin. Thus, not only did the patients outside this group fail to receive 
streptomycin, but they also failed to receive adequate supervision in other di- 
rections. I do not Imow w'hether this group of hospitals is representative of the 
entire group. Certainly we visited some very isolated places. Isolation itself,, 
however, was not the deciding factor. One isolated hospital was doing a nearly 
perfect job and one of the Dean’s Committee hospitals appeared to have shpped 
baclnvard. 

On the whole, I returned heartened. The important thing I learned w'as that- 
the veteran himself is not an insuperable obstacle to good tuberculosis treatment 
in our hospitals. If good treatment can be provided in a few hospitals, it cart 
be prowded in all, and there are now' large numbers of us w'ho are detennined 
that it will be provided. 


STJMARIO 

Division of Txiberculosis, Adminislracion de Veleranos, 1946~47; Repaso de 

Svs Ohras 

He tratado de describir los desenvolvimientos observados en el senicio de 
lucha antituberculosa durante los dos dltimos anos. Emprendi esta tarea con 
alguna vacilacidn, pues aimque todo lo hecho tenia manifiestamente por fin 
mejorar la asistencia m^dica del veterano tuberculoso, es dificil exponer la 
efectividad de lo realizado con la menor certidumbre. Por demSs fdcil es 
demostrar que el niimero de enfermos ha doblado a la par que el tamano del 
personal t4cnico, pereo resulta mucho menos McU demostrar que ha mejorado 
en forma semejante la cahdad de la asistencia, que constituye nuestra principal 
misi6n. La dificultad proviene en parte de lo dificil que es acuantiar una 
alteracidn cualitativa, y en parte del nuevo plan de descentralizacidn, que, 
necesario como es, deja a la Oficina Central bastante a oscuras de lo que sucede 
en los hospitales. A la larga, la calidad de la asistencia variard en razdn directa 
a la calidad del personal t^cnico, con su competencia profesional, diligencia, 
interns y entusiasmo. Nuestro principal objetivo debe consistir, pues, en la 
preparaci6n y obtencidn de buenos mddicos y enfermeras. Mucho tenemos que 
ofrecerles y ellos nos pueden ofrecer todo. 

He regresado hace poco de un viaje en el cual visitd 11 unidades antitubercu- 
losas desde Kentucky a California. Algunas representaban hospitales regentea- 
dos por Comisiones de Decanos en grandes zonas metropolitanas, y algunos 
hospitales sin patronos en zonas aisladas desde las Montanas Negras de las 
Dakotas a los disiertos del Sudoeste. En todas partes observd verdadero afdn 
de parte de la mayoria del personal tdcnico por hacer mejor trabajo; impresidn 
de que se habia logrado mejoramiento en los liltimos dos anos, pero compresidn 
uiuy juiciosa de que cabia aun obtener mas mejora. De los 11 hospitales que vi 
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en dicha ocasidn, pude elogiar 5 y tolerar 3; los otros 3 parecfau inadecuados. 
La causa mayor de mi descontento procedid de que los Jefes de Servicio no 
estaban suficientemente al tanto de los casos en sus salas; a veces ese desconoci- 
miento partia del viejo coco gubernamental: papeleria; a veces, y para mi, algo 
inesperadamente, del enfrascamiento en el grupo de enfermos querecibian estrepto- 
micina, de modo que los demas pacientes, no sdlo no recibfan estreptomicina, 
sino que tampoco recibian vigilancia adecuada en otros sentidos. No sd si este 
grupo de bospitales representa todo el grupo. No cabe duda de que nos metimos 
en algunos sitios muy aislados, pero el aislamiento no era de por si el factor 
decisive. Un hospital aislado realizaba una obra casi perfecta y uno de los 
bospitales regenteado por una comisidn nombrada por el Decano de la Facultad 
de Medicina parecia haber perdido terrene. 

En conjunto, regresd alentado. Lo que aprendi de importancia es que el 
veterano mismo no constituye un obstdculo insuperable al buen tratamiento 
antituberculoso en nuestros bospitales. Si pueden ofrecer buen tratamiento 
algunos bospitales, lo pueden ofrecer todos, y somos muy numerosos los determi- 
nados boy dia a efue se ofrezca ese tratamiento. 



A COMPLETE COMMUNITY SURVEY FOR TUBERCULOSIS* 

A Second Report on ESiectlvcncss of the Procedure ns n Method of Tuberculosis Control 
ROBERTS DAVIES,* G. A. HEDBERG* and MARIO FISCHER* 

1NTHODUCTION 

In 1916, one of the ^^Titcrs reported a study dealing with the incidence of new 
cases of tuberculosis in a small rural area, after a complete community sunmy for 
tuberculosis wth hospitalization of all active cases (1, 3). That sunmy was 
followed b}’’ a sharp drop in the incidence of new cases. It was concluded that a 
complete community sun-ey for tuberculosis is probably a practical and effective 
method of tuberculosis control. Moreover, as the occurrence of new cases 
stopped so promptly after the sun^ej^ it was further concluded that most cases 
of clinical tuberculosis in the community studied had probably been the result of 
recent exogenous infection. Because of the important practical and theoretical 
implications , of these conclusions, it seemed advisable to test the method in a 
larger community. As in 1943 a similar complete community examination of 
the village of Elj’’, hlinnesota, and the surrounding rural area, had been conducted 
by the writers, it was decided to conduct a second study of the same area in the 
fall of 1946 in an effort to check the effectiveness of the first survey. 

COMPOSITIOX OF COHnUUNITY 

Ely, a %nllage of approximately 6,000 people on the edge of the northern wilder- 
ness of St. Louis county, is built around two underground iron mines. The 
tourist trade and logging industry are also important to the economy of the town. 
The commercial and social life of the surrounding rural area and the lake and 
forest country is centered on the tOAvn, as there is no other shopping center close 
by. The area has a rather large foreign-bom population, chiefly Finns and Yugo- 
slavs, with some Scandinavians and Italians. 

SURVEY METHOD 

The details of the survey method and the costs entailed have been outlined in 
previous publications (2, 4). In the first survey, beginning in September 1943, 
the victory aides, who constituted a part of the local civilian defense organiza- 
tion, made a house-to-house canvass of the whole area, mral as well as urban. 
A record was made for each individual, giving name, age, sex, marital status, 
address, occupation, date and place of birth, name and relationship of nearest 
relative, place and date of last previous chest film, and name and address of the 
family physician. The importance of the survey, as well as its methods, were 
explained in each house. All households were later notified when to expect the 

* Nopeming Sanatorium, Nopeming, Minnesota. 

* Firland Sanatorium, Seattle, Washington. 

* Nopeming Sanatorium, Nopeming, Minnesota. 

* Duluth Department of Health, Duluth, Minnesota. 
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mobile X-ray unit in their area. Persons who did not come in for examination 
when ex-pected were called by telephone or \dsited again by one of the volunteer 
workers or by the public health nurse attached to the Unit. 

As at the time of the 1943 suiAmy the two mining companies in the town were 
about to begin a compulsory roentgenologic study of all their personnel, it was 
agreed that, •while mining company employees -umuld not be denied examination, 
no effort would be made to include them in the mobile unit surve 3 X 

The mobile X-ray unit examination consisted of single 4x5 inch films. All 
films ■u’-ere interpreted by one of the UTiters. The mining company emplo 3 ''ees 
each had a single 14 x 17 inch film which was read b 5 ’’ roentgenologists elsewhere. 
The mining companies reported the number of pemons examined and the number 
of persons diagnosed as having probably inactive pulmonar 3 ’’ tuberculosis of the 
adult t 3 ’^pe. Onls’’ those persons who were thought to have active tuberculous 
lesions were reported by name and address. 

The family ph 3 'siGian vras sent a brief report of the roentgenologic findings of 
every person examined. In the case of persons showing evidence of pulmonar 3 ' 
disease, a letter was sent to the patient asldng him to consult his ph 3 ^sician for 
an interpretation of the findings, and requesting sputum specimens for which 
containers were supplied. Three specimens for microscopic examination and 
one for culture were requested in each case. A single 14 x 17 inch chest roent- 
genogram was also requested for each such person. These films were paid for 
by the sanatorium and interpreted b 3 '' the investigatoi’s. 

Records for all patients ■ndth lesions which were thought to represent so-called 
adult t 3 ’pe tuberculosis were filed in the sanatorium outpatient department for 
perpetual follow-up. With two exceptions, sanatorium stud 5 ’' was ad\dsed on all 
persons suspected of ha'ving active tuberculosis. 

The second sun'-ey in 1946 was conducted in essentially the same wa 5 '’ except 
that an effort was made to examine everyone in the communit}’’ at the mobile 
X-ra}’’ unit and no separate sunm 3 ’- by the mining companies was made. All 
films were interpreted by one of the writers. After the sun’^e}’’ was completed, 
records from the two surve 3 ^s were reidewed and compared case by case, and an 
attempt was made to resolve any apparent inconsistencies. 

Some sources of error in the tabulation in table 1 should be pointed out. There 
was considerable competition among the volunteer canvassers to acliieve a lugb 
percentage of examinations. The spirit of competition engendered a temptation 
not to report on the census cards those persons whom the volunteer considered 
likel 3 ’' to be vmcooperative. Therefore some persons listed under the column 
heading of “Not present” should properly have been in the “Persons present 
but not examined” column. Some spot checks make it seem likeh’’ that this 
“error” did occur, but apparently in onl 3 ' a ver 3 ’^ few instances. 

In the 1943 sunm 3 '’, roentgenograms were made of 854 persons by the mining 
companies and 492 of this group were not examined b}’ the mobile X-ray unit. 
SLxt 3 ’^-nine of these 492 people were not reexamined in 1946, although they were 
Tmng in the communit3" then. These are all tabulated among the 332 persons, 
“Negative for adult t5Te tuberculosis" in 1943, and “Persons not examined” m 
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1946, although it is possible that some of them may have had apparently inactive 
tuberculosis diagnosed in 1943. 

Because in a few cases the same person appeared under different names in the 
two surveys, it is possible that in a few instances the same individual may have 
been tabulated twice. In the majority of such instances, other data have been 
sufficient to make the identification certain. 

In each instance in which the diagnosis of the 1946 survey differed from that 
made in 1943, the case is tabulated according to the final decision made after 
review of all films and other pertinent data. 

A considerable change in the composition of the population occurred in the 
interval between the two surveys. Of the 5,964 persons in the 1943 census, 
1,223 (20.5 per cent) had either died or moved away from the community before 
the 1946 survey. Moreover, 1,919 (32.2 per cent) new persons had been added 
to the community by birth, by immigration, or by the return of citizens who were 
absent from Ely in 1943. A major portion of the latter group were persons who 
had been in military service. There was a net gain of 11.7 per cent in the popu- 
lation. 

The second survey afforded an opportunity to check the accuracy of the inter- 
pretations of both surveys. Evidence of tuberculosis was found in 114 persons 
who were examined in both surveys. Of these, 14 had been considered to have 
no tuberculosis in the first survey and were correctly diagnosed only after the 
1946 film was interpreted. Another 20 of the 114 persons who showed evidence 
of tuberculous lesions were considered negative on the original reading of the 
1946 films and were correctly classified only after comparison "with the 1943 read- 
ing. The great majority of the cases overlooked showed minimal, discrete, 
fibroid scars, which were probably of little chnical significance. However, 4 of 
the 34 cases mistakenly read as negative had moderately advanced disease. 

The completeness of the community screening is obviously of cardinal im- 
portance as upon it depends the relative success or failure of this method of 
tuberculosis control. In the first survey, 97.8 per cent of the population was 
examined and, in the second, 89.6 per cent. The better record of the 1943 sunmy 
came about largely because examination of all mining company employees was 
made compulsory at that time. Of the total of 7,883 persons living in the area 
during one or both surveys, only 403, or 5.1 per cent, were not examined at least 
once. 

The 1943 census included 129 persons who, for one reason or another, were not 
examined in that sunmy. These individuals were not all included in the group 
“Persons present but not examined,” during the second su^vm 3 ^ Fift 3 ’--six of 
them were no longer living in the community in 1946; 30 were examined and 
showed no evidence of tuberculosis; only 42 were present in the communitj’’ 
though not examined, while one was examined and found to have active tuber- 
culosis. This individual did not, in fact, refuse examination in 1943, but was 
living in a remote cabin in the woods at that time and failed to hear of the 
sun^cy until after it was finished. 

Of the 695 persons living in the area in 1946 who were not examined in that 
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sun’-ey, 332 had had negative chest films for tuberculosis in 1943; 186 had had 
sati>sfaetory chest films in 1945 or 1946; 33 were confined to their homes or to a 
hospital by illness ; and 33 were five v’^ears old or younger. 

RESULTS 

Of the 5,672 persons with chest films which were considered negative for rein- 
fection type tuberculosis in 1943, 4,206 were reexamined in 1946 and were again 
found negative (table 1). No one in Ely, whose chest roentgenogram was nega- 
tive for reinfection tuberculosis in 1943, has been demonstrated to have developed 
the disease since. 

One hundred eight (72 per cent) of the 149 persons who had eiddence of ap- 
parently inactive tuberculosis in 1943 were renvamined in 1946 and showed no 
significant change in the findings. 


TABLE 1 


Persons examined, and status as to adidt type tuberculosis in 1946 survey, classified by persons 
examined in 1943 siirvcy, and status as to adult type tuberculosis — Ely, Minnesota 


l»ERSO^'S EXAMINED IN 1943 AND STATUS 
AS TO ADUIT TYPE TtOSERCULOSIS 

TOTALS 

PERSONS EXAUISXD IN IWS 

PERSONS NOT EXAMINED 
IN 1946 

Sub- 

totals 

Nega- 

tive 

Appar- 

ently 

inac- 

tive 

.4cUve 

or 

Cjues- 

tiona- 

bly 

active 

Sub- 

totals 

Present 

in 

com- 

muDity 

Not 

present 

in 

com- 

munity 

Totals 

7,883 

5,965 

5,832 

127 

6 

1,918 

695 

1,223 

Persons examined in 1943 

5,835 

4,320 

4,206 

111 

3 

1,515 

348 

1,167 

Negative 

5,C72 

4,206 

4,206 


— 

1,466 

332 

1,134 

Apparently inactive 

149 

108 

— 

108 

— 

41 

16 

25 

Active or questionably active . 

14 

G 

— 

3 

3 

8 

— 

8 

Persons not examined in 1943... 

2,048 

1,645 

1,626 

16 

3 

403 

347 

56 

Present in community 

129 

31 

30 

— 

1 

98 

42 

56 

Not present in community. . . 

1,919 

1,614 

1,596 

16 

2 

305 

305 



Forty-one persons nith evidence of apparently inactive tuberculosis in 1943 
were not reexamined in the 1940 survey. Of tliis group, 15 had had recent satis- 
factory chest films; 11 had moved away from the community and were untraced; 
9 were still living in the community, but were not reexamined (chiefly because 
the}'- were uncooperative); 4 were dead of non tuberculous disease; and 2 had 
“reactivated” their disease eighteen months and two j’-ears, respectively, after 
the original examinations. Both of these persons were admitted to the sana- 
torium, and one died there of tuberculosis. 

The fact that 9 of the 139 persons with apparently inactive tuberculosis who 
remained in the community were not examined in three years is a rough measure 
of the adequacy of the follow-up program. Five of these 9 persons had been 
seen, but not examined, vithin the interval, and in each of these cases, the sana- 
torium outpatient department thought there was insufficient likelihood of active 
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disease to justify forcing an examination. The remaining 4 persons (3 per cent 
of those with apparently inactive tuberculosis remaining in the community), 
represent more truly the absolute deficiency of follow-up. 

Fourteen persons are classified as having had active or suspiciouslj’’ active tu- 
berculosis in 1943. Eight of these persons were admitted to the sanatorium 
where 6 of them remain as patients. One of the remainder, an 82-year-old man, 
stayed at home under supervision and recovered. Another, with suspiciously 
active tuberculosis, died at home (apparently not from tuberculosis) before sana- 
torium admission could be effected. Three of this group left the county after 
the diagnosis was made. Of these three persons, one has not been traced, but the 
other 2 have been reported to the proper health officers for follow-up. Neither 
has been hospitalized and both are apparently still in fairly good health. One 
person is still classified as having questionabb'’ active disease and has not yet been 
admitted to the sanatorium. Examinations of the sputum of this patient have 
been negative. 

In 3 of the 14 cases considered as active or suspiciously active tuberculosis, the 
present diagnosis was not made until the 1946 surve 3 L Some honest doubt 
still remains as to the presence or absence of tuberculosis in 2 of these 3 cases, 
but the abnormal density now' evident was found, on review', to have been present 
in 1943. The third person in this group was not examined in the mobile unit 
survey in 1943, but had a 14 x 17 inch film made at that time which was thought 
to show inactive tuberculosis. On review of that and subsequent fiffins, it ap- 
pears probable that the disease w'as active at that time. 

In the 1946 survey, 6 persons (.09 per cent of the population), were classified 
as having active or suspiciously active tuberculosis. Three of these are the 
persons mentioned above who showed suspicious evidence of active tuberculosis 
in 1943, w'hich was not then recognized as such. One, also previously mentioned, 
is the person w'ho was away in a remote cabin at the time of the first survey and 
was not examined. This man has had cough, expectoration, and dyspnea for at 
least ten years and the appearance of his chest film suggests a very old lesion. 
The other two were both in military service during 1943. One served in the 
United States Navy from July, 1942, to the fall of 1945, and apparently developed 
clinically evident tuberculosis during that period. He had a pleural effusion in 
1919. The other man developed tuberculosis while serving in the United States 
Army in England in December, 1943. Five of these 6 persons have been ad- 
mitted to the sanatorium. In the 6th case, activity of the lesion is still considered 
questionable and admission has not yet been advised. 

To estimate the effectiveness of the 1943 survey as a tuberculosis control 
measure, the number of new cases of tuberculosis which actually developed in 
the three year period betw'een the two surveys has been compared with the num- 
ber that might have been anticipated if no survey had been made. The only 
case of tuberculosis that developed in the area after the 1943 survey was that of a 
46-year-old woman, previously in apparently good health, who developed tu- 
berculous meningitis in 1945 and died after a short illness. 

To estimate the number of new cases that would have been anticipated, we 
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searched all available records of patients from the Ety area who were admitted 
to the sanatorium or seen in the outpatient department since Januarj’-, 1938. 
For each patient all available data were utilized to determine the approximate 
date of onset of the disease. 

Of more than 200 records re^’iewed, only 24 could be found in which the onset 
could reasonably be determined to have occurred between Januar}’- 1, 1938, and 
the beginning of the first sun-ey in September, 1943, In most of these cases, the 
onset was tabulated as the date of first symptoms preceding a chest roentgeno- 
gram which showed an apparentlj’' recent lesion. Five of these cases occurred 
in 1938, 4 in 1939, 5 in 1940, onl}' one in 1941, 4 in 1942, and 5 in 1943. 

In order to calculate consenmtivel}^ the aritlimetic average of the 3 'early 
incidence for the six year period has been taken. This average indicates an 
expected annual incidence of four cases. In the three 3 "ear period from 1943 
to 1946, therefore, 12 cases could have been expected if there had been no change 
in the population. 

To arrive at an average population for the years 1943 to 1946, the counts of 
the surve 3 ’’ census of 1943 and the sunmy census of 1946 have been averaged, 
3 nelding 6,312 persons as the average population for the period. It is Imown from 
other data that the population in 1938 was somewhat higher than in 1943, but 
no accurate figures are available. It seems ver 3 '’ rmlikeb’’ that the population 
dropped as much as 20 per cent in the interval, but, in order to calculate con- 
senmtively, that figure has been used. On this basis, the average population 
for the 3 ’-ears 1938 to 1943 has been calculated to have been 6,750 persons. 

The anticipated nrunber of new cases of tuberculosis has been corrected 
for the change in population so that 11 has been used as the number of new 
cases that might haAm been expected if the sur\m 3 '^ had not been done. Un- 
fortunately, this figure cannot be corrected for changes in the age and sex 
distribution of the population, but it does not seem likety that such a correction 
would be significantl 3 ' large as the changes incident to the war were presumably 
operative to the same degree in both periods. If the actual incidence of one 
compared to an e.xpected incidence of 11 is checked b 3 ’’ the Chi Square method, 
a Chi Square value of 8.3 and a probabiIit 3 '- value of .0044 are derived. In other 
words, only once in 227 times could such a difference occur b 3 ’’ chance alone. 

DISCUSSION 

This anab'sis, therefore, supports the conclusion of the original and much 
smaller study, namely, that a complete community roentgenologic sun’e 3 ’' for tu- 
berculosis, with adequate treatment of all active cases discovered and adequate 
follow-up of all apparent^' inactive cases, is a practicable method of tuberculosis 
control. 

It maA' be assumed that the success of such an anti-tuberculosis campaign is 
dependent on satisf 3 ’ing the following conditions: (1) The area treated must con- 
tain a complete and fairh' separate population group. In other words, if a Aullagc 
is to be surve3'ed, an5" suburban or rural areas haA'ing a population that works or 
trades in the A’illage should be included. (2) No large immigration of unex- 
amined persons should occur after the surA'C 3 % (3) A high percentage of the 
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population must be examined witliin a relatively short period of time. (4) 
All, or almost all persons found to have definite or suspicious evidence of tubercu- 
losis must be adequately examined. (5) All or almost all of those found to have 
active tuberculosis must be isolated and treated, preferably in a sanatorium, until 
their disease is arrested. (G) All or almost all persons found to have apparently 
inactive adult type tuberculosis must be reexamined at regular intervals so that 
any reactivation of disease null be diagnosed and treated promptly. 

It would not be anticipated that surves^s in communities where these criteria 
cannot be satisfied would be an effective method of tuberculosis control. The 
results of tliis study also support a corollaiy of the first conclusion, namely, that, 
as the diagnosis and treatment of all, or almost all, the active cases of tuberculosis 
in this community were followed promptly by a sharp drop in the incidence of 
new cases, it is reasonable to assume that in this area, at least in recent years, 
most cases of chnical pulmonary tuberculosis have been due to recent exogenous 
infection. Because in most instances information is not available concerning 
the tuberculin sensitivity, prior to the onset of disease, of the persons who de- 
veloped tuberculosis, no inferences can be made as to whether primary exogenous 
infection or exogenous reinfection maj’’ have been responsible. 

Because only 6 persons in the community were found to have active or sus- 
piciously active tuberculosis in the second sur\’’ey, it is believed that the three 
year interval between the first and second sun^eys was a satisfactory one in this 
area. Such an inten’^al might well not be optimal in a different area with a 
different incidence of tuberculosis and a different rate of change in the composi- 
tion of the population. 

It should be emphasized that the conclusions reached are based on the analysis 
of a very small experience and should therefore be considered as only tentative. 
As this small experience suggests that a practicable and very effective method 
of tuberculosis control is available, it would seem advisable to test the method on 
a larger scale in communities where the presumed requisites for success are pres- 
ent. 


CONCLUSIONS 

1. A complete commimity roentgenologic survey for tuberculosis was made 
in Ely, Minnesota and the surroimding rural area. This survey, which included 
examination of a high percentage of the population, hospitalization of patients 
\vith active disease, and adequate follow-up examination of those with appar- 
ently inactive disease, has been followed by a sharp drop in the incidence of 
new cases of tuberculosis. This is the second time such a result has been 
demonstrated. 

2. In the community studied, most cases of clinical pulmonary tuberculosis, 
which occuiTed in recent years, have apparently been the result of recent exog- 
enous infection. 


CONCLUSIONAS 

Censo Coleclivo Integral de la Morhidad Tiibercidom. Segimdo Injorme 
1. Un censo radiolbgico colectivo integral en busca de tuberculosis, con exame- 
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nes de un elevado porcentaje de la poblacidn, hospitalizacidn de los casos activos 
y adecuados eximenes subsiguientes de los casos aparentemente inactivos, haido, 
por segunda vez, seguido de una baja decidida en la incidencia de nuevos casos de 
tuberculosis. 

2. En las colectividades estudiadas, la mayor parte de los casos de tuberculosis 
pulmonar cllnica observados en los ultimos anos ban sido aparentemente debidos 
a infeccidn exdgena reciente. 
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PATHOLOGY OF REINFECTION^ 

Some Sources of Diagnostic Errors 
WALTER PAGEL and C. H. C. TOUSSAINT 
INTRODUCTION 

Definition: By reinfection is meant a tuberculous infection occurring in a per- 
son in whom a previous primary infection is anatomically healed. This enables 
the reinfection lesion to take the shape of a fresh primary complex; that is to 
say, a focus will form at the site of entry of the tubercle bacilli, followed by a 
homologous caseous focus in the regional lymph nodes. 

Reinfection should be distinguished from superinfection. The latter term is 
used to designate a repeated infection from without in a person in whom primary 
infection has not completely healed anatomically and biologically. 

In contrast to reinfection, superinfection may set up a fresh focus at the site of 
entry of the tubercle bacilli, for example, in the lung, but this will not be followed 
by a caseous change in the regional lymph node. 

Diagnosis: The anatomical diagnosis of reinfection in tuberculosis is beset with 
pitfalls. While it was formerly regarded as extremely rare and probably too 
seldom diagnosed, there now seems to be a tendency to find it too often and diag" 
nose it on insufficient evidence. 

The position is quite clear in those cases in which an entirely healed primary 
complex (usually ossified) is found in the lungs and a fresh tuberculous lesion in 
a different system, e.g., a tuberculous ulcer in the tonsil follow’ed by caseation in 
the cervical lymph nodes. In such situations, there is a fresh lesion of the pri- 
mary complex type, which is unrelated to an obsolete, typical primary complex. 
This contingency is occasionally observed, usually in elderly people. 

The interpretation becomes much more difficult when the two sets of lesions 
are encountered in the same organ, notably in the lung. Even when reinfection 
suggests itself, because of obvious age differences between the two lesions and 
their situation in different parts of the organ, the diagnosis may be open to crit- 
icism. It is difficult to determine the age of tuberculous changes. Fresh casea- 
tion may occur in an actually old but recrudescent lesion. Moreover, fresh 
looking changes, at a distance from the now obsolete primary complex, may have 
originated from it at a time when it was viable. In a similar way, it is difficult 
to estimate the age of an obsolete lesion, although broad outlines may be ac- 
cepted (1). It has been said that ossification takes many years to develop, and 
therefore only occurs in persons older than forty (2), but firmly ossified foci have 
been observed at the age of fourteen to fifteen years (4). The time needed for a 
pnmarj»^ lesion to become obsolete, and even ossified, seems to varj’’ greatly and 
in some cases appears to be shorter than is commonly believed. At all events, 
obsolescence, including ossification, does not prevent a focus from having been 
the source of a fresh looldng and progressive lesion. 

* From the Central Middlesex County Hospital, London, N.W. 10, England. 
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OBSERVATIONS 

Apparently recent changes of endogenous origin from an obsolete lesion 

Postmortem examination 1945: I 4 S: Examination at necropsj’- of a 23-year-old woman re- 
vealed a firmly calcified and ]iistologicaIl 5 ’- quiescent primary complex in tlie right lower 
lobe and in a Ijmiph node at the bifrrrcation of the trachea. No histological eridence 
of recrudescence was present in any of the hilar Ijnnph nodes. Spinal caries with a partly 
calcifjdng and partly fresh cold abscess was present, as well as an empj-ema. There was 
a cardtating infiltration in the right upper dorsal infracla\icular zone of one lung. 

Comment: Although it is possible that the fresh infiltration in the lung could 
have been caused by exogenous superinfection, it is likely that the still active and 
progressive spinal caries, with calcifj'ing cold abscess, was derived from a pri- 
mary lesion, which also shows calcification. 

Postmortem 1944: i91: Postmortem examination of a male, aged GJ, revealed a pepper- 
corn-sized firmly calcified primary focus in the right upper lobe with slightly larger and 
also firmly calcified complementary focus in an anterior mediastmal bmiph node. His- 
tological examination failed to reveal signs of recrudescence in either focus or in any of the 
hilar bunph nodes. There was extensire fresh appearing caseation of the right suprarenal 
and a constrictive polyserositis (pericardium, peritoneum). The gastro-intestinal tract 
was free of abnormalities. 

Comment: This obsenmtion shows that, even in a cliild, disseminated, f.c., 
obviousl}’’ hematogenous, tuberculosis maj' be encountered with the primal^’’ 
complex', even though its onb^ possible endogenous source is firndy calcified and 
histologicalb' obsolete. 

Postmortem 1345: 25: Tlie patient was a 54-year-old male who had had an amputation 
of the right arm for bone tuberculosis some years ago. Postmortem e.xamination (1945: 
25) revealed an obsolete priraar}- complex in the right lower lobe. The other hilar Ijanpli 
nodes were free from caseation on minute examination. There was bilateral s}'mmefric 
spread of ulcero-fibrous focal groups with small interspersed punched-out carities. 

Comment: This patient had progi-essive bilateral sj'mmetrical pulmonary^ 
tuberculosis of the disseminated (hematogenous) type and bone tuberculosis, 
although the primaiy complex, which was probably the original source of the 
lesions, was firmh' calcified and obsolete. 

Postmortem 1945: 27S: The patient was a ST-j'car-old woman who had had her right 
kidney removed for tuberculosis three years ago. On postmortem c.xamination (1915: 
27S), the left kidney showed fresh and extensive caseous pyonephrosis. There was a 
miliary spread in the bladder and a caseous ureteritis. An ossified primary complex was 
present in the loft upper lobe. 

Postmortem 1946: SS: A postmortem c.xamination of a woman, aged 35, revealed an os- 
sified primaiy complex in the right subnpical area. A firmly calcified focus, without 
complementary changes in the Ijmph nodes, w.as found in the right upper lobe. There 
was cx'tensivc bilateral caseous tuberculosis of the kidnej-s. 

Tliese few cases illustrate the fallacy of the argument that obsolescence and 
ossification exclude a lesion as the original source of still fresh and progressive 
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tuberculous changes. This is true, in spite of the absence of any evidences of 
recrudescence in the lynrph nodes, or elsewhere, which could have filled the gap 
between the obsolete primary and the still fresh blood-borne lesion in the periph- 
ery. The same conditions obtain equally to fresh processes that are ob\dousl3' 
hematogenous and found outside the lungs and to pulmonary lesions whether 
associated with extrapulmonarj’- tuberculosis or not. 

The majority of cases of “chronic disseminated tuberculosis of the lungs” 
show an obsolete primary complex as their only probable source and no evidence 
of exacerbation therein (3). 

Thus, a true primary lesion, though long extinct, may be the original source of 
fresh and progressing changes. Conversely, it is surprising hoAv long the pri- 
mary changes maj’’ remain soft, infectious, and devoid of calcification. 

Pcrsislcncc of the ^‘sofl state” for a long lime in either or both constituents of 

the -primary complex 

Postmortem 19/f7: 114: The patient was a 23-j'ear-old woman who had had a left-sided 
idcural effusion five years before death, developed Pott’s disease of the thoracic spine 
two years later, and eventually died from tuberculous meningitis. At necropsy, no changes 
were found in the lungs except a small focus 0.5 cm in diameter in the dorsal and sub- 
apical areas of the right upper lobe, which was situated 1.5 cm. below the pleural surface. 
The locus was well defined, but, with the exception of a pinpoint calcified area, was quite 
soft. Attached to the mediastinal aspect of this part of the lung, there was a superior 
tracheobronchial lymifii node 3x2x1 cm., which was encapsulated and contained two 
pinimint calcified areas, but was otherwise soft and caseous. 

(tamment: Five years after a pleural effusion, (obviously the first manifesta- 
tion of primary tuberculosis) the primary complex found in this patient was still 
soft, caseous, and represented a possible source for the fatal meningitis. 

It is even moi'C common to find that one component of the primary complex, 
usually the Ij'm piratic focus, is still soft and viable, while the other one is firmly 
calcified or ossified. In other wor ds, regression of the foci belonging to the pri- 
mary complex does not necessarily proceed pari passn. 

Postmortem W/,6: SSli: A woman, aged 43, died of ovarian carcinoma with meta^t.-ise.'?. In 
the right lower lobe, a completclj' calcified focus 0.2 cm. in diameter was found to be 
situated about 1.0 cm. below the pleural surface. A regional bronchopulmonary hinph 
node contained a soft, ill-defined caseous area O.OS cm. in diameter (figure 1). 

Comment. The difference in consistency Iretweerr the primarv' and the lym- 
phatic foci is particularlj' well shown in a postmortem roentgenogram (fig. 2). 
Otr histological examination, no evidence of rccnrdcsccnce was seen, but the 
focus in theljunph node still showed .some acid-fast rods and shadowy orrtlines of 
cells in the periphery, whereas the primar.v focus was coniidetel,v homogeneous 
and devoid of acid-fast elements. Another interesting feature was the differ- 
ence, in sire of the foci. In contrast to what is usuallx* seen in the priinarv com- 
plex ir\ childhood, the lymphatic component was nrnch smaller thati the jjritnaiy 
focus, a iinditig occasionall,v observinl in priinarv infection of the adult (31, 

Although it might be asstnned that a smaller focus wmdd eidcify more mpitily 
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than a larger one, the present instance shows (hat (his neeil not he so. More- 
over. tlie findings in this patient cannot he exjdained hy age difTerences hetween 
the foci, for they helongetl to (In' same primary comidex and were (he only (uher- 
cnlous foci found. 

PoflvwrUm lU.'fi: A similar case is (hat of a man, aged who died of Hodgkin’s 

disease. A firmly calcified pvintavy foews. \t\\dor O.ld mn. ii\ <lian\e(er, was fovtnd in the, 
left \ipi)er lid>e. while the lymphatic, comimnent was O.S cm. in diameter, soft , caseous, 
and had only a i)in]it>int aiva of calcification (figure .S), as may he .seen in (lie ]wstinoi(em 
roentgenogram (fimire -I), 

(’onversely. caleilieatioti may he more rapid in the lymphatic comjtoncnt, I’.c., 
the lesion which .shows the more recent change than (hat oh.served in the ))re- 
cediitg primary focus. 

One such case is that of a young girl, aged 17, with symptoms ft)r two months and c.\- 
tensive caseous cavitating tuherculosis of l>o(li lungs, wliicli (ermiiiated in meningitis. 
.\t iKistmortem c.x.'imimition a large, i>ep)rerconi-.'-'i7.ed, chalky, ca.seous ])rimary focus was 
found near the diaphragm.atic border of the right lower lobe, while the bifurcation lj'm])h 
node was ettlarged to bean size and firmly calcified. Chalky ami soft caseous changes 
were present, only higher up, iu a paratnieheal l\nuph node. 

In the easc.s related so far, it doc.s not. scorn to he rccrndcsconec wiiieh !u:count.s 
for the dilTeronee.s in the (|uality of the foci, hnt .simply the hnlurc of the clmnges 
in the various foci to regress pari pass>u. 

MarLrd diffcrcacrs vi qucditij hdivccn (u-ofoci (Jirmhj cakijkd as aqainst caseous) 
do not, therefore, cxchidc their heiiuj closely related to e.ach other, nor do they provide 
evidence in themselves that Ihe fresh looking lesion is due to new infection front with- 
out. 


dases of reinfection 

There remain a number of cases in which recent infection from without suggests 
itself as the most likely explanation, and it is in these cases that a fresh lesion 
of the primary complex type is found in a case showing another apparently older 
primary complex in the same organ (lung) or elsewhere. A number of such ob- 
servations have been reported in the literature (7). 

Surgical Biopsy No. 1933: A woman, aged 69, developed a I.arge tuberculous ulcer on the 
dorsum of the right band while nureing lier daughter wlio was dying from pulmonaiy 
tuberculosis. Subsequent to the development of the ulcer of the band, large caseous 
axillary Ijanph nodes appeared on the same side and wore excised (figure 5). A roent- 

Fig. 1 (Upper), lllustralc.s difTerences in the rate of regression between the primary 
focus and its glandular component; left, firmly calcified primary focus; right, smaller but 
still soft complement ary focus in a corresponding Ij'mpli node. 

Fig. 2 (Center). Postmortem roentgenognam of the group of foci shown in figure 1: 
left, firmly calcified primary focus; right, still soft lymph node complement. 

Fig. 3 (Lower). Left, totally calcified primary focus; right, soft complementary focus 
in a corresponding lymph node with central pinpoint calcification. 
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genogram of the chest showed a tj-pical calcified primary complex near the base of the 
right lung. 

The occuiren.ee of reinfection is also suggested wlien a fresh priinarj’ lesion 
is found in the lung of a person with firml}" calcified mesenteric lympli 
nodes. 



Figs. 4-5 

Fic. -I (Upper). Postmortem roentgenogram of foci sliown in figure .'J; Ix;ft, l!ie trhtlr 
small focu.s caleificil; right, pinpoint contrtil c.alcificalion. 

Fin. i) (Lower). Caseou.s axillary lymph nodes complementary to a primary tuhcreuhnis 
ulcer on the dorsum of the right hand (case of true reinfection). 

Postmortem lOJfO: 1S3: Such a case is that of ji wom.an, aged 47, wliose chest film had 
revealed an cxtcn.sivc soft mottling throughout the upper and midzonc jwrtions of the 
right lung, with ring .shadow in the apical region. De.ath from tulicrculous meningitis 
occurred soon after admission. At necropsy, a round well-defined completely calcified 
lymph node ma.s.s 2 cm. in diameter w.as found in the mot of the mesentery. The cranial 
parts of the right upper lobe of the lung were occupied by an area of confluent "getatuious” 
pneumonia 6 cm. in diameter. Tiic consolidation seemed to have developed hy con- 
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fluence of innumerable small yellowish areas of acinous and lobular infiltration, which 
corresponded to the mottling visible in the roentgenogram. The apical part of the con- 
solidated area was converted into an ill-defined cavity, 3 x 2 cm. in diameter, with ragged 
caseous walls. There was extensive caseation of the tracheobronchial and paratracheal 
lymph nodes on the right side, while slight caseous stippling was seen in the bifurcation 
lymph node and in a few hilar lymph nodes on the left side. The abdominal organs, in- 
cluding the peritoneum, were peppered with miliary nodules, and there was a tuberculous 
meningitis. 

Comment: A fresh lesion of the primary complex type was accompanied by a 
primary cavity in the right upper lobe, subsequent local spread, and the eventual 
development of meningitis. The old traces of primary intestinal infection make 
it seem virtually certain that the fresh pulmonary lesion represented a lesion of 
reinfection. The infiltrative process Avhich surrounded the reinfection cavity was 
probably caused by bronchogenic spread from the latter and would probably 
have developed into “bronchogenic phthisis”, were it not for the fatal meningi- 
tis. 


Simulation of reinfection 

Finally, a case is presented in which a cavity, healed at the time of observation 
after having given rise to bronchogenic phthisis, might have been interpreted as a 
reinfection lesion. This interpretation was not borne out, however, by exten- 
sive histological examination of the regional lymph nodes, which failed to show 
any caseous changes. Instead, there were roentgenologic, as well as histo- 
pathologic, evidences of parenchymatous foci, which showed the various inter- 
mediate stages of regression between the firm calcification of the primary 
complex and the chalky caseous focus (healed cavity) which had caused the bron- 
chogenic phthisis. It Avas, therefore, concluded in this case that the lesion which 
initiated phthisis was not a result of reinfection or superinfection from without, 
but represented a link in a continuous, endogenous, evolution from the primary 
complex. It Avas only by histological investigation that such endogenous de- 
velopment could be confirmed and any suspicion of an exogenous “reinfection 
complex” (obtained from the postmortem roentgenogram) be abandoned. 

Postmortem 1947: SO: The patient was a 25-year-old milhvrigbt in a metal works, Avhose 
brother had died of pulmonary tuberculosis in 1932. The patient’s illness began in May, 
1944, and was characterized by languor and a slight cough. In November, 1944, he was 
found, on roentgenography, to be suffering from left-sided pulmonary tuberculosis, with 
extensive infiltration in the upper and midzones, and excavation in the upper zone of the 
lung. Calcification appeared to be present in the left hilum. The erythrocjde sedimen- 
tation rate Avas elevated and the sputum contained tubercle bacilli. The patient was 
admitted to the sanatorium pn March 29, 1945, at which time his temperature was 100.4°F. 
His treatment consisted of a left phrenic crush and pneumoperitoneum, folloAved by 
artificial pneumothorax and pneumolysis. 

Roentgenograms of the chest (April, 1945) revealed a small opacity in the outer end of 
the right first interspace and infiltration throughout all zones of the left lung, Avith ex- 
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cavation visible in the infracla\ncular region (figure 6) . Just below the caAoty was a small 
calcified node (P.F.) and three accumulations of calcium visible at the hilum (P.H.), 
wliich were regarded as the original primary complex. In addition, there was visible just 
above the clavncle a small “hard” node with one or two others of a similar nature which 
were situated just above the calcified nodes at the left hilum. The supraclavicular node 
is more distinct in the .film of June, 1945 (figure 7 C.F.). In the description of the path- 
ology of these foci, presented below, it is suggested that they represent stages inter- 
mediate between the primarj’ complex and the excaA'ating lung lesion. 

A roentgenogmm obtained in June, 1945, revealed ; a slight increase of opacity in the 
upper zone of the right lung, an elevation of the left diaphragm, and the facts that the 
caAdtj’- had risen towards the apex (figure 7C), and the calcified nodule just below (P.F.) 
was more distinct. The partially calcified intermediate or “bridge-foci” may also be seen 
in this film (C.F.). 

A roentgenogram obtained in September, 1945, revealed the pneumoperitoneum with 
the elevation of the left diaphragm, almost complete clearing of the density previously 
Ausible in the upper zone of the right lung, and further elevation and considerable shrinkage 
of the excaA'ation in the left lung (figure 8). 

The patient, who had also been complaining of abdominal sj'mptoms, was restless and 
finally asked to be discharged against adruce. 

In August, 1946, there was a marked e.xtension of disease in the upper zone of the right 
lung and further treatment was adrised but rejected. The left artificial pneumothorax 
was maintained. 

In December, 1946, deterioration was rapid and accompanied by abdominal pain and 
diarrhoea, with temperatures ranging uji to 102°F. Tim patient was admitted to hospital 
oh January 17, 1947, and died on January 20, 1947. 

At necropsy, the lungs showed, after fixation by formalin filling of the bronchial tree, 
typical bronchogenic tuberculosis with a sj'stem of cavities AAuth thick caseous walls in 
the right upper Imig and a plum-sized cavity in the apices of both lower lobes. The 
left upper loie Avas greatly shrunken. On postmortem roentgenography, a firmly calcified 
primary complex could be made out in the midzone of the left lung, accompanied by very 
extensive calcification of a chain of regional lymph nodes. The primary focus itself 
(figure 9 P.F.) appearing firmly calcified, but Avas surrounded by a number of small, not 
so firmly calcified, nodules. In addition, there was an irregularly shaped chalky focus 
AVith a calcified shell (C), in the subapical region, and, above the chain of firmly calcified 
lymph node shadoAvs (P.H.), there AA'as a round focus visible in the hilum which suggested 
a focus related to a lymph node (C.F.). 

On dissection, the left upper lobe revealed in its dorsocaudal parts a lentil-sized firmly 
calcified focus (figure 10), and in the corresponding area at the hilum there Avere three 
large bean-sized firmly calcified lymph nodes. This lesion Avas regarded as the primary 
complex. 

A second group of changes Avas observed in the subapical (“infraclavicular”) area Avhere, 
0.5 cm. below the pleural surface, an irregular, but Avell -defined, chalky and crumbly focus 

Fig. 6 (Left). Roentgenogram April, 1945. Cavity under the left clavicle; small cal- 
ci ed focus just beloAv cavity (P.F.) and calcified nodules in the hilar region (P.H.) ; chalky 
focus above hilar calcification. 

Fig. 7 (Center). Roentgenogram June, 1945. Closeup of left upper lobe. Cavity (C) 
has risen; calcified nodule (P.F.) plainer; in addition, some chalky foci visible (C.F.) above 
and below clavicle. 

Fig. 8 (Right). Roentgenogram September, 1945. ShovA's pneumoperitoneum. The 
cavity is grossly shrunken, raised and hardly visible. 
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I'lr,. 9 (lyoft). I’ostnKirtom roentponopram: loft upper loho — 1’. F. I’riiu:iry focus firmly 
ciilcific'd. but surrouiiilcd by :i prouj) of loss calcificii small nodules; P. 11. chain of calcified 
primary lymph node.s; O subajiical chalky focu.s correspoiidinp to healeil cavity. F. 
soft chalky focus in hilar repion, but doc.s not oripinate in lymph node. It is a small lobular 
c.aseous and calcifyinp chalky-focus ("bridpe-focus”). 

Fig, 10 (Upper Ripht). Firndy c.'dcifiod primary complev in thi’ lower parts of the left 
upper lobe. 

Fig. 11 (Lower Ripht). C: chalky focus correspoiidinp to healed cavity. Chalky lobu- 
lar caseous focus in the hilar repion not shown. 
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wns ftimul. Tliis lesion wo'; 0.5 x O.S ein. in .«ir,o nmi Kfive I lie nppenniiiee of ii “oy.st” 
filled widt inspiss^ited elmlky-«t«wiis Jiiaterinl, rather than ti .-■•olid focus (fiKiire I! C) 
The same matorial was M'cn to form a enimhly plii^ in the snliapiea! hraneh of the apicn- 
dorsal bnmehus whirh lead to the focus. A .similar hut also well defined partly calcified 
focus, which was a little laiyor and eorn‘S|Ktndeii t<i the niund shadow mentioned alKive 
(fillin' h (M\), was found in the tx'iiion of the hiliini at the caudal end of tlie lohe nearf he 
interlobar lissuiv. Similar foci were fitund seatteivd in the subapic.al rcfrion as well ns 
in the immediate neifihlxiurhiMtd of the primary focus. 

Histologic.al examination of the chalky foci in the hilar repon revealed remnants of 
elastic fibrt's in an aha'olar pattern and in ctmsiderable numbers. This proved that these 
foci werr' untelated to the hilar lymph nodesnnd diii not eonslitnte the lyinjih nmle eom- 
jxnient of a smmd “primary eom])lex", i.c., a “reinfection eomplex''. Similar rmdin!;s 
were ohscmal in eicht other chalky foci found in tlie same leRion, wliich were situated 
in close pmximity to hilar Ixanjih nodes. In fact, apart from the firmly caleifieil and en- 
capsulat<ai piimary chnn^e.s, tione of the numenms hilar lymph nodes .‘;ubjeete<l to hi.s- 
tolocical examination showed any ovtdenee of fre.-:h orold easixation. Only fiesh abortive 
tulK-reles, refendde to the na-ent phthbieal condition of the hmj;, weie seen. Tiie chalky 
foci provide links (“hrid^e-foci") Ix'tween the ftrsh phthisical jrmcess and the. firmly cal- 
cified primary complex. On hislo!<tj;ieal exiunination, the chalky foci .showed tiiick 
lihniiis capsulo.s and thick fibrous jiads, rich in coal pifiment, wliich partly re/rlaced the 
foci themselves. Then; were also patrdics of calcium and calcified leiimant.s of clastic 
film's in an alvtsilar pattern. O.ssification was observed neither in these foci nor in the 
lymith node complements of tlic primary foens, but a rim of Ixmc tndjcculac was found in 
tiie latter, 

Commcnl: In an adult, a^od 27, who rlied from bronchogenic phthi.sis, two .sets 
of Ic.siuns wc.'re found in tlic loft ujrjror lobe. One lesion was finnli' calcified mid 
obviously represented the first manifestation of lubereulosis in tills ease ("pri- 
mary eomplex”). The peripheral focus of the second lesion, which was chalky 
and enrmbly and contained no more than patchy calcification, eone.sponded to 
a rravity first detected two years prior to dcatii ami was oirvion.sly tire .source of 
the fatal bronchogenic phthisis. 

From tlic macroscopic appearance of tliis peripheral focus (0), in conjunction 
with a comparative survey of tlie roentgenograms, it apparently repiescnled a 
healed cavity. The impression , liowcver, tlmt it constituted at the same time a 
(jcmtinc reinfection lesion, in other words a healed reinfection camty, cannot be 
snbstanliatcd by extensive liistological examination of the hilar lymph nodes. 
Moreover, tlic case provided roentgenologic, as well as morbid, anatomical evi- 
dence of links (“bridge-foci”) between the primarj’’ and other foci suggesting an 
endogenous, possibly bronchogenic, evolution from the primary complex, ratlicr 
than superinfection. This interpretation is based on what appears to be prob- 
able from a comparative study of the roentgenologic and histopathologic aspects 
of the case. In view of the uncertainty in asse.ssing the age of tuberculous foci 
(vide supra) different interpretations arc possible. Exogenous superinfcction, 
for example, as the source of the healed cavity can neither lie proved nor dis- 
proved from the evidence available. What has been interpreted as “bridge- 
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foci” between the primarj' complex and the healed cawity could theoretically 
constitute bronchogenic changes following cavitation. Such an explanation 
takes no account of the close proximity of one group of these chalky nodules to 
the primary focus and is therefore unlikeh". 

At all events, the case again shows the difficulties and pitfalls of the clinical 
and anatomical diagnosis of reinfection and its role in the causation of phthisis. 
It demonstrates the necessity of establishing the presence of appreciable caseous 
changes in the h'mph nodes tributary to the parenchymatous complement of the 
suspected second lesion of the “primarj’ complex” type. Intensive histological 
examination may be required to establish the lymphatic nature of a susijectcd 
caseous h'mph node. 

The observations presented seem to be significant cliiu'cally in that they demon- 
strate again the difficulties in assc-^sing the real age of tuberculous changes, 
whether calcified or not . Changes which appear to be recent have been shown to 
originate in an obsolete focus and related lesions may present veiy different d('- 
grees of '‘freshness”. The diagnosis of reinfection or superinfcction often rests 
with the simple clinical impression that a lesion must be exogenous because of 
the calcified state of the other changes present. In such cases, however, i)ost- 
mortem and histological investigation is needed in order to exclude a source from 
within. 


SUM.MAUV 

In the diagnosis of reinfection in tuberculosis, the following sources of error may 
arise: (/) endogenous origin of recent looking changes from an obsolete lesion: 
or (2) dclaj'cd calcification of both parts or asynchronous calcification of one 
constituent of the primary com])lex. 

I'lxamplcs of both of the aI)ove types of le.<:ion are presented, :ind also a case in 
which reinfection was closely simulated in the clinical and iiostmortem roent- 
genograms and only disjnovcd by histological examination of the hilar lymph 
nodes. 


SUM A RIO 

PalolotjUi dc la Rcinkccidu 

En el diagndstico de la reinfeccibn cn la tuberculosis, pueden intervenir las 
siguientes eausas de error: 

(1) Origen endbgeno de alteracioncs ajKircntemcntc rccientes de una lesiifn an- 
tigua. 

(2) Calcificucibn tardia de ambas partes, o as.incrbnica de uno de de los coin- 
jionentes, del complejo primario. 

Presentanse ejcmplns do (1) y (2). y adcnn'is un caso en el (pio las radiograffas 
obtenidas ja/m vilain y en la autopsia simulaban estrechamente reinfeccii'ni rcfii- 
tandolas unicamante (d examcn hislolbgico de los giinglioslinlYiticos del hilio. 


A c hn t > •rlc'hjvi t ri M 

Till' luitlior.' wi-h to n-roril flu'ir to I).-. .\. I. Woolf for In-Ip "itli p'ot- 

inorli'rii nx-ntp-iioprapliy ;uiii revision of tin' niamiscrip:, ainl to .1, J; M;iyli<-.v, I, .Sp un 
ami Mi-i,' B. Biirkl*' for ti’rliiiic.al .as'-i-tanri'. 
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SARCOIDOSIS FOLLOWING PRIMARY TUBERCULOSIS 

A Case Report 
JOSEPH S. HIATT, JR. 

In a recent editorial, Pinner (1) has renewed the present day opinions concern- 
ing the etiologj' of Boeck’s sarcoid. There are still wide differences of opinion 
concerning the nature of sarcoid disease and these differences form the basis for 
a somewhat confused and complex picture. Sweany (2) contends that Boeck’s 
sarcoid is a distinct disease entity which is not related to tuberculosis. In con- 
trast to this belief, Pinner (3) has long held that sarcoidosis is a form of non- 
caseating tuberculosis and many workers, particularly in the field of tuberculo- 
sis, have favored this opinion. 

The writer has obseiwed patients who showed no reaction to tuberculin and 
presented the l 3 'mph node findings of sarcoidosis, who later subsequentlj' de- 
veloped a positive tuberculin reaction, a change in the Ijanph node biops}' find- 
ings, and the characteristic picture of frank tuberculosis. The present com- 
munication is concerned with a case in which the existence of primaiy tuberculo- 
sis was established before characteristics of sarcoidosis appeared and in which 
rapid clearing of the sarcoid lesions occurred. It is believed that this case is an 
unusual instance and ma\’’ possiblj- afford evidence that sarcoidosis is a disease 
of nontuberculous etiology. Xo attempt has been made to present a survoj’ of 
the literature on sarcoidosis as it has been adcquatcl.v covered previously in 
several papers, including that bj' Hogan (4). 

CASK nKPOKT 

II. II., a 10-yc!ir-oki Xegro girl, w.as iuiinittcd to the North Carolina Sanatorium June •!, 
I9t-t. She had heen foun<i to have a i)ositivc tuberculin reaction during a school survey a 
few weeks i)rcviously,anda subsequent roentgenogram of the chest revealed a typical pic- 
ture of ])rimary tuberculosis. iShc had always been a healthy child and there was no known 
c.icposure to tuberculosis. There had been no weight loss, nor symptoms referable to the 
cardio-respiratory tract. 

The admission phy.sica! c.vamination revealed a well developed and nourished Negro girl 
who did not appear ill. There were no abnonn.al physical findings. 

The first roentgenogram after admis.sion to the sanatorium (figure 1 ) showed a small "HR 
sire” nodular density within the circle of the first rib anteriorly on the right. Over the 
inner rone of the lung from the level of the third to the eighth interspace po.steriorly, there 
was a large area of stippled noilular density rcpre.«cnting partially calcified lymph mxios. 
The left lung field revealed nothing abnormal. Thi.s film demonstrated the same changc.s 
a.s the original survey film. A tulierculin test (O. T, 1:10,0(X)) was positive, rrinnlysi.s 
and stool c.vaminations were normal. Repented twenty-four hour s|)ecimen.s of sputum, 
obtained by forceful coughing, were negative for tulK'rcle bacilli. 

The hemoglobin was S-t i>cr cent (Sahli) and the erythrocyte count -1 ,lf><) (KKI ficr cu. mrn. 
The total leucocyte count w.a.s |>er cu. mm. with the following differential count : poly- 
morphonuclear 7(1 {K-r cent; small lymphocyte.^ 27 {K-r rent; large lymphoeyte.s 1 jvr cent; 
eosinophiles 1 j>er cent ; and monocyte.s i J^e^ cent. The crythrticyte.s apjieared normal on 
fre,«h and stained smears. .No sickling wa.s noted. serologic te.-Jt for syphilis (Kline) wn.s * •* 


* North ('.arolinn .'Sanatorium, .McC.ain, North Carolina. 

•*S 
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ncRatlvp and the e.rytlirocytc podiincntatton rale was 70 minutes (I/mrennieicr mctliod). 

The patient was plaeed upon a modified rest repimen and throuBl^out her stay was clini- 
cally asymptomatic. The temperaturo, pulse, and respiration remained within normal 
limits. A subsequent chest roentpenogram revealed no change and she was discharged 
October 30, 19M, cl.assilicd ns primary tuberculosis, arrested. There had been a weight 
gain of five lbs. 

After discharge, the patient continued to have periodic fluoroscoj)ic and roentgenologic 
ex.aminations of the chest. The le.sions remained unchanged until a roentgenogram of the 
chest in .Tanuary, 1017, revealed extensive new densities and she was readmitted to the san- 
atorium, rebrunry 23, 1017. Hhe had no specific complaints, but had lost a small amount 
of weight during the proceeding four weeks. There had been no known exposure to luher- 
culosis during the interval at home. 

Pliysical examination showed a 13-ycar-old Negro girl in excellent nutritional status and 
who did not appear to be ill. Her temperature, pulse, and respirations were normal. There 
was a generalized lymphadenojiathy, the nodes being moderately enlarged, freely movable 
and nontcndcr. A few fine moist rales, most of which disappeared after coughing, wore 
heard in the right upper lung field and to a lessor degree on the left. By percussion, there 
w.as incrc.ased rctro-mamibrial dullnc.ss. 

Boontgenogram of the cliost on this admission (figure 2) showed increased linear and 
nodular densities throughout l)otl> lung fields with markedly enlarged bilateral hilar shad- 
ows. Tito previously present cnleiricd densities were visible and appeared unclinngod. 
A tuberculin test (0. T. 1; 10,000) was positive. A skin test to liistoplasmin gave no rc- 
.nction. Two gastric lavage cultures yielded no growth of tubercle bacilli. On adrni.ssion, 
the hemoglobin was 78 per cent (Sahli) and the erythrocyte count 3,020,000 per cu. mm. 
The leucocyte count was 5,200 j)cr cu. mm. witii a differential count ns follows: polymorpho- 
nuclear 63 j>or cent; small lymphocytes 32 per cent; eosinophils 1 per cent; and monocytes 
3 per cent. There was no sickling of the crytlirocytcs. The erythrocyte sedimentation 
rate was 25 minutes (Llnsonmcicr method). 

Shortly after adrni.ssion, a left cpitrochlcar lymph node was removed for study.® The 
report is as follows : 

"In multiple sections of this small lymph node there is considerable scarring evident in 
the interstitium and at the capsular surface. One pole is entirely occupied by a mass of 
tubercles which in many instances arc conglomerate. These tubercles arc composed en- 
tirely of epithelioid cells with a slight fluid exudation in their centers, and with a lympho- 
cytic infiltration both at the centers and at the periphery. No giant cells arc found and 
no actual caseation is found at any point. In the opposite pole there is considerable fluid 
exudation into the interstitial tissues but no lesions otherwise arc noted here. 

The lesions in this node are entirely consistent with the diagnosis of Bocck’s sarcoid but 
tl\e presence of an actual non-cascating type of tuberculous infection cannot l)e ruled out, 
even though we have been unsuccessful in staining the organisms in this ease. With other 
findings and with history consistent with Bocck’s sarcoid, these findings would support such 
a diagnosis." 

Throughout her stay the patient was asymptomatic and gained thirteen and one- 
half pounds in weight. Six weeks after admission a repeat roentgenogram (figure 3) showed 
considerable clearing and an attempt was made to repeat the lymph node studies, but there 
had been complete disappearance of the lymphadenopathy and no node could be obtained 
for biopsy. Repeated fluoroscopic studies showed no evidence of cystic changes in the 
small bones of the hands and feet. There were no demonstrable skin lesions at any time. 
A chest roentgenogram taken shortly before discharge (figure 4) showed marked clearing 
of the densities in both lung fields and decrease in extent of the hilar shadows. The pa- 
tient was discharged June 1, 1947, to continue under close medical supervision and to avoid 
strenous activity. 


® Biopsy studies done by Dr. Thomas N. Lide, Pathologist, North Carolina Sanatorium, 
McCain, North Carolina. 




SARCOIDOSIS FOLLOWING PRIMARY TUBERCULOSIS 


101 


COMMENT 

The roentgenologic changes on the second admission of this iiatient were very 
extensive and represented a process apparently superimposed on previously 
established calcific primary tuberculosis. Possible causes of the illness, such as 
a fungus infection, a lymphoma, sarcoidosis, miliary tuberculosis, or reactivated 
primary tuberculosis Avere all considered. The clinical diagnosis of sarcoidosis 
was subsequently supported by lymph node biopsy studies. Within a relatively 
short period of time, there ivas marked clearing of the chest lesions and complete 
disappearance of the generalized Ijunphadenopathy with a gain in iveight and 
further improvement in the nutritional status of the patient. 

SUMMARY 

The development of sarcoidosis, confirmed by biopsj'^ following arrested pri- 
mary tuberculosis, is reported. It is believed that this sequence of events repre- 
sents an unusual situation. No similar case has been previously seen in this 
institution, where a considerable number of cases of sarcoidosis are seen and 
studied each year. 


SUMARIO 

Sarcoidosis ConseciUiva a Tiiberculosis Primaria: Historia CUnica 

La aparicidn de sarcoidosis, confirmada por la biopsia, a continuacidn de una 
tuberculosis primaria estacionada, parece ser una situacidn extrana. En el 
establecimiento del A., donde observan y estudian un nfimero considerable de 
casos de sarcoidosis todos los afios, no habian observado antes ningiin caso se- 
mejante. 


REFERENCES 

(1) Pinner, Max: Editorial on the etiology of sarcoidosis, Am. Rev. Tuberc., 1946, 54, 

582. 

(2) SwEANY, Henry C.: The tuberculin test, Am. Rev. Tuberc., 1947, 56, 147. 

(3) Pinner, Max; Non-caseating tuberculosis. Am. Rev. Tuberc., 1937, 36, 706. 

(4) Hogan, Gerald F.; Sarcoidosis, Am. Rev. Tuberc., 1946, 54, 177. 


Fig. 1 . (Upper left) . Chest roentgenogram of a lO-year-old Negro girl on first admission 
to the North Carolina Sanatorium June 5, 1944. Calcified densities right lung field repre- 
senting primary tuberculosis. Tuberculin positive 1:10,000. 

Fig. 2. (Upper right). First chest roentgenogram on second admission to the North 
Carolina Sanatorium February 24, 1947. Bilateral hilar enlargement, miliary distribution 
finely nodular and linear densities throughout both lung fields. Calcified densities 
unchanged. Tuberculin positive 1:10,000. Skin test to histoplasmin gave no reaction. 
Lymph node biopsy shows sarcoidosis. 

Fig. 3. (Lower left). Chest roentgenogram made April 8, 1947, forty three days after 
second admission, shows regression of hilar lymphadenopathy and clearing of peripheral 
lung field densities. No peripheral lymph nodes palpable at this time, biopsy could not 
be repeated. 

Fig. 4. (Low-er right) . Chest roentgenogram just before discharge May 27, 1947, reveals 
almost the same findings as on first admission in 1944. — — 



CORRELATION OF THE RADIOACTIVITY OF SUSPENSIONS OF 
TUBERCLE BACILLI WITH THEIR TURBIDITY’ 

Method of estimating weight in doses of tubercle bacilli 
A. KAPLAX, J. TRAl'M R. A. BANKOWSKI- 

The dosage of tubercle bacilli used in experimental and other studies has a 
very important bearing on the intcrjiretation of results of animal inoculations 
and, hence, the methods of estimating dosage have received considerable at- 
tention from those interested in the work. With few e.xception.s, dosage.s men- 
tioned in the literature are expressetl in terms of milligrams based upon the 
weight of tubercle bacilli from which as much moisture as can he absorbed by 
blotting paper has been removed. Tlie direct microscopic count is sometimes 
used in estimatingdosage and even thcnthcvaluesobtained from .such determina- 
tions are often transposed to milligrams of organisms. Most workers have recog- 
nized that inherent sources of variations in these methods are great. One text 
book (1), in the discussion of standard dosages based on weight and subsequent 
dilutions, contains the statement, “However the amount of water which can be 
removed by such procedure is so variable that only the barest approximation to 
accuracy can be expected.” 

The j)roduction of radioactive tubercle bacilli made available a uniriue method 
for determining the amount of bacilli in a suspension. I'his procedure is not 
dinicult to accomplish in a laboratory which has facilities and materials for the 
growth of radioactive organisms and the equipment for the mea.suremeni of 
radioactivity. It is apparent, however, that, in order to be u.eefiil, a method 
should not be confined to the .special apparatus and rndio.'ictive .s.'dts nece.ssary 
in this procedure, but should be applicable to equipment and materials avail- 
able to most iaboratorie.'. With this in mind, su.spcnsions of radioactive, acifl- 
fast bacilli were ]weparcd, the weight of !)aciili in stisiiension was detennined 
from its radioactivity, and the concent rat ic»n of the suspension was correlated 
with its turbidity. The turbidity of tiic.-c suspensions of knoum concentration 
was measured by three standard laboratory irroccdures: the photelometric, 
the McFarland’s nephelometric (2), .and Gates’ opacimetric (B), methotis. Thu.s 
datii were olitained which correlated the concentration of a bacterial .suspension 
with its opacity. 

The Gates ojnicimeter and McFarland nephclometer have been us(sl for many 
years to estimate the turbidity of bacterial suspensions. In naaait years, how- 
ever. the phofoelectrie eell has been emphnaal for this pur})ose f t to ttb. Tlie 
photoelectrir eell h.as several advantages over vi-tial methods for estimating 
turbidity: (!) it permits aeeiinite determination of light inti'nsities, f2> it i^ 
much itiore .-onsitive than the eye t»» .small variations in light intensities, f.") it 

* 'rt'sl in ji ol liy urant' frn::! tl.c Xnti>>Ra! Tii!sTriiIii«i« 

- Ftsiv.i tl..' tatMirn'eiri. of {(;•' 1 t.'nartae'iit of Wti-rinary \vriru!tiiral 

-at .'■•.•I’.i.Ci SI'. ! "i Diveioa I'f {’tiysifito^y nf t!.«' Nt>'iiii s! t'ravc.’'»ity of 

fore.-n, U-rt.-a-y. 
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olim'mntc? the subjective errors that- nrc encountered frequently in visual me- 
thods. 

dosages of tubercle bacilli arc most frequently c.\-i>rcsscd in milligrams, the 
opacity of a bacterial suspension should depend upon the weight of bacilli in 
suspension. Acconling to Wilson (•!) atul Alper and Stome (5), the turbidity of 
bacterial suspensions is a more accurate index of the weight or sij:c of bacilli 
than of the number. Wilson (•!) .states that oi)acily methods metusure the total 
quantity of bacterial protoj)las!n in sus])ension, and not the number of organisms. 
This is consistent with the results of I'itch atul his eo-workers (II), who found 
that the concentration of HruccUa ahnrtus juitigons can ho estimated more ac- 
curately by measuring (be volume of bacteria after centrifugation than by cm- 
plonng visual turbiclimotric methods. Hnepke and Titeh (10) later found that 
turbidity mc:isurt.Hl by means of a jihotelometcr gave .‘-■atisfactory results. 


r.xrinuMr.NTAii 

/tcc.vrfnl c;:l;:/rrr: P.fltlio^rtivo, nr’ul-fnst ItncOli were protbiccd l)y prowing Mjicohaclrrium 
^Ufi nm! the ItST sunt HCO sirnins of tnt>crele l>acilli in liJiniti metlin contnininp .'ipproxi- 
ranteiy ono micro curie of r'idic:\ctivc piinspiiorus per cc. A smrdi Tdrn of n younp culture 
of J.'!>.cilli growing rnpidly in tl:e Fnuton medium wns Ir-nnspl.-inled to fjaulon medin enn- 
t.iining rndio.'\ctive piicwplionix in the form of u nentrnl Folution of NnslPPOt. Krienmeyer 
fi-vk? (225 ec. enpneity) conlnining 7.5 cc. of medium served ns culture finsk.s. Cultures of 
.If j;colcc'friiini yhhi were harvested on the fourth nnd sixth dny.s while the 1157 nnd BCG 
str.nins of tuhcrolchncilli were collected on IheFeventcenth, twenly-lhird,nnd thirlj’.fourth 
dnvf .after plnnlinc- 

Baelcrial nupcr.sionx: The Imcilli were collected by filtering on n Buchner funnel nnd were 
w.aslicd fovcrnl times with 0.0 per cent podium chloride polution. Tlio h.nclcrin wore trans- 
ferred to a mortar, ground very thorouphly nnd then suspended in n solution con.sisting of 
equal parts of phosphate hufTcr, pII7.', nnd phy.siologieal .saline solution. The larger 
clumps of bacilli were eliminated by allowing the su.'pension to stand for five minutes nnd 
then decanting the upper portion of the suspen.“ion upon n Buelinor funnel. The rest of 
tb.o EU.sponsion wsis di.seardod while the fine residue on the filter was subjected to further 
grinding-s and wa.sbingp, which were repeated six times. The wnabed bacilli were then 
centrifuged for five or ten minutes at approximately 1,000 r.p.m. The supernatant fluid 
wa,s taken for turbidity and radioactivity measurements. 

Mcafurancnl of Ixirbidity: Seven or eight different dilutions were prcp.arcd from the above 
Bu.spensions by diluting them with phosphate buffer. The radioactivity of each suspension 
series was determined and from this tlio amount of bacilli was calculated. The turbidity 
of each scries was measured by the photelomctcr*, Gates opacimeter and iMcFnrlnnd ne- 
pholomctcr. Tlio Ccnco Ko. 1 and Ccnco Aklos filters were used in the photclomcter. The 
opacimeter readings were obtained in dayliglit in front of a large window with the tube 
held over a black background. Comparisons were made in daylight. 

Dcicrminaiion of irciglil by radioaclivily of bacilli in suspension: The weight of bacilli in sus- 
pension was determined from the radioactivity of frcsli bacilli nnd of the suspension. This 
was carried out in the following manner: 

(a) The bacteria were filtered on a Buchner funnel nnd washed once with distilled water, 
ns much moisture as possible was removed by applying suction to the sj'stcm. Por- 
tions of the bacteria on the filter paper were placed in tared vials, weighed, and de- 
hydrated by heating for twenty-four hours at 95° C. in a vacuum oven. The material 
WM weighed again and the radioactivity of the dehydrated residue was measured. 

* Indicates the radioactive atom p 32. 

* Ccnco-Sheard Sanford photelomctcr. 
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(b) The radioactivity of aliquot portions of Ee%'cral dilutions in the suspension series was 
measured. 

(c) The corresponding suspensions were filtered through Gradocol membranes of 400 
mu porosity. The radioactivity of known volumes of filtrates was mc.asurcd. These 
values represented the amount of radioacliwty in the suspension mi.vlures that were 
not associated with the bacilli themselves. 


TABLE 1 


Rclalion bcltrccn the concentration and lurbidit;/ of suspensions of Mycobacterium phUi 


] 

i!c» or CAcnxi rtt cc. or 
scsrc.vsio.s* 

mEBiPtTy rcADivcs 

Acr or ccrttiB-E j 






Dehydrated 

weijht* 

Frerh weight** 

Photeloaieter 

Gates 

McFsrlaad 

iayi 

1 

0.175 

■■ 

34. S 

2.S 

2.75 


0.12 


47.2 

4.1 

1.4 


0.070 

0.2C 

C3.5 

G.l 

0.75 

4 

0.014 

0.16 

72.5 

7.S 

0.5 


0.035 

0.13 

78.0 

! S.5 

0.4 


O.OIS 

0.0G7 

SS.O 

13.5 



0.011 

0.011 

91.0 

— 



2.00 

7.CG 

o o 

0.9 



1.40 

5.35 

3.2 

1.1 



1.00 

3.S3 

5.2 

1.2 


c 

0.50 

1.92 

12.1 

1.5 



0.20 

0.77 

‘ 32.5 

2.5 

4.0 


0.10 

0.3S 

1 54.3 

3.3 

t 2.75 


0.050 

0.19 

i 72.0 


! 0.9 


• Weight after dehydration for twenty-four hours at £)5°C. in a vacuum oven. 
** Weight after drying on a Buchner funnel. 


(d) Calculations; 

Let S = total radioactivity per cc. of suspension; 

F = radioactivity per cc. of filtrate after passing suspension through Crado- 
col membrane; 

B = radioactivity per mg. of dehydrated bacilli; 

D = per cent of dehydrated residue in fre.sh bacilli 

S — F 

Tlicn the mg. of bacilli (dehydrated weight) per cc. of suspension = — — ,and 

_ p 

The mg. of bacilli (frc.sh weight) per cc. of suspension = — — X jy- 

In the .suspension cx.amined, the weights we.'C found to l>c in cIo“e proportional agree- 
ment svith the weight of the coneentr.ated suspension. 

A control experiment w.as performed in xviiicJi the concentration of hnriJii rusjj'nded in 
distilled xv.xtcr was determined both by radio.actix'c methCKis and by direct neighing after 
evaporation of the water. Good agrce.mer.t was oht.air.ed between the two methods. 


nvAVurs 

The rebtion bctwcc.n the weight o.^ bncini in fUfpension r..n'-I tlm turbidity of 
m.ipen^ions of .’.fycchnc.'ent.-rr. phlc:, ftnd the BCG and 1137 ‘ train;* of .'4. t'-^rr- 
aslosis, is fhown in tnb!« I, 2 nnd 3 rc-jpcctivcly- Nine di.d’e.'cnt ii.vpfnMon.a 
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TABLE 2 

Relation between the concentration and turbidity of suspensions of the BCG strain of tubercle 

bacilli 


MG. or BACILLI PER CC. OP 
SUSPENSION 


TURBIDITY READINGS 


age op culture 



Dehydrated 

weight* 

Fresh weight* * 

Photelometer 

Gates' 

McFarland 

days 

0.98 

3.21 

4.1 

1.3 




1.61 

12.0 

1.8 



0.25 

0.82 

25.5 

2.4 

2.75 


0.17 

0.56 

37.0 

3.2 

1.8 

23 

0.12 

0.39 

49.5 

3.9 

1.4 



0.32 

53.0 

5.0 

0.9 



0.16 

72.3 

8.1 

0.5 


0.029 

0.095 

80.8 

9.3 



0.010 

0.033 

91.0 

i 



0.945 

3.28 

4.5 

0.9 




1.64 

11.1 

1.3 



0.24 

0.82 

23.7 

2.0 

3.5 

17 

0.19 

0.66 

29.9 

2.3 

3.1 


0.13 

0.46 

41.0 

3.0 

2.3 


0.095 

0.33 

50.0 

4.0 

1.8 


0.047 

0.16 

71.0 

7.0 

0.9 




17.0 

1.7 





26.0 

2.1 

3.5 


0.16 

0.47 

35.5 

2.8 

2.3 

17 

0.13 

0.38 

42.0 

3.1 

2.3 


0.064 

0.19 

62.8 

5.6 

1.1 


0.048 

0.14 

70.0 

6.9 

0.8 


0.032 

0.095 

77.5 

9.0 

0.5 


1.97 

6.45 

2.0 

0.8 




1.61 

11.5 

1.4 



0.39 

1.29 

15.0 

1.6 


34 

0.28 

0.90 

22.5 

2.0 

4.0 


0.20 

0.65 

31.5 

2.4 

3.25 


0.14 

0.46 

42.5 

3.2 

1.8 


0.099 

0.32 

53.5 

4.3 

1.6 


0.46 

■n 

12.1 

1.5 



0.23 


27.0 

2.2 

3.5 


0.092 

0.31 

53.8 

4.3 

1.6 

34 

0.055 

0.18 

68.0 

7.2 

0.8 


0.046 

0.15 

72.2 

8.2 

0.6 


0.032 

0.11 

79.0 

9.2 



0.023 

0.076 

83.5 1 




• Weight after dehydration for twenty-four hours at 95°C. in a vacuum oven. 
** Weight after drying on a Buchner funnel. 
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were emplo3*ed. The ages of the cultures varied from four to thirt\*-four da.vs. 
Results with the photclomelcr: The deh3'dratcd weight of bacilli in milligrams' is 
plotted against photclometric readings in figure 1. A mooth cur\*e is obtained 
-ndth 0DI3’ minor de\dations. In estimating the concentration of a suspension b3' 
its opacit5', as measured b3’ a photclometcr, the error would rareh’ exceed 10 
per cent if the concentrations were such that measurements fell on the central 
part of the scale. It should be noted that the cur\'e is almost linear (on a semi- 
logarithm scale) between readings of 25 and 70 or bacterial concentrations be- 
tween 0.25 and 0.05 mg. of dch3'drated weight per cc. The slope changes at 
these points and the emve is less reliable be\'ond this range. 


TABLE 3 


Relation between the concentration and turbidity of suspensions of the 1137 strain of tubercle 

bacilli 


Act or crtTxrtK 

uc, or D.^nuj Ttx cc. or 
srsrsNSioN' 


TriBiorry s-t-iotKcs 

i 

DehydralcJ i 
wtiffhl* ] 

Frejli Kcisht’* i 

rhotclarr.ctirr 

! GstfJ 

( 

j >tcr«rlja.l 

1 

iaji 

, 

1 

0.2 i 

1.00 

24.5 

) 

1 2.0 

1 3.5 


0.19 1 

o.so 

33.0 

1 2.9 

i 2.9 


0.15 i 

o.co 

42.0 

i 3.4 

1.9 

20 

0.12 1 

1 0.50 

47.0 

1 4.0 

1.5 

1 

0.097 ; 


53.2 

1 5.1 

1.3 


0.073 j 


G0.2 j 


1.1 


0.0!9 1 

! i 


70.2 

! 1 

1 O.S 


0.110 1 

0.4G 

4S.0 

3.8 

I 1 .5 


0.090 ! 

0.37 

53.5 

4.7 1 

1 1.1 


0.07S 

0.32 

57.9 

5.0 1 

1 1.3 

20 

0.0G7 

0.2s 

Cl.S 

5.9 : 

; 1-- 


().05G 

i 0.23 

Gl.O 

7.0 : 

: 1.1 


i O.Ot'. 

0.19 

70.C j 

S.4 i 

0.75 


1 0.034 

O.M 

77.0 1 

j 

O.CO 


* tVf ifiht after dehydration for terenty-four liours at in a vacuum oven. 
•• Weinlit after drying on a Buchner funnel. 


In figure 2, the photclomelcr rc.adings of the wme .suspensions arc ploftctl 
against weights of b.aclcria, hut in this C3.«c the concentration is cxprcs-cti in 
terms of the fresh weight of bacilli instc.ad of the deliydratod weight. It .‘•liOiihl 
In-' notoJ that “fresh weight" applies to the weight of b.aoilli filte.'-cd on a Bucliner 
funnel fnun whirh water was removed by applying suction for a short perio<i of 
time. It is obvious th.at drying in this manner is not consf.ant .ami that a rource 
of error is iritnvhie/vi. In view of the gc.ncral practice, hov-'ever, of eAf>r!'.'.ing 
the concentnuion of suspensions of tubercle It-ncilli in tenn- of fre-h w.-ight. •nei! 
wi'ichts are f>lo; t^d against plmtelometcr readings in figure 2. Tin- rtin-f h;i'- fie' 
same general .-hrijK' .as that in figure 1, but the ‘-pread in \-alue, j-> largi-r. Ti,*' 
deviation of the points fro.m the best fitting curve is gn-atcr than in fij-ure I. 

















Tul^crcle bacillua BC6, eicpt 


n n 


H37, 



J I I I I I I 

JO SO 60 70 SO 30 

/^/fOrSLOM£r£R /?£‘AO/A/(t 

\ 

Fig. 1. The milligrams of acid-fast bacilli (weight'^after dehydration in a vacuum oven) 
per cc. of suspension are plotted against turbidity as’measured by the photelometer. 



Rg. 2. The milligrams of acid-fast bacilli (fresh weight) per cc. of suspension are plotted 
against turbidity measured by the photelometer. The left scale ordinate indicates the 
weight of bacilli, while the right scale ordinate indicates the McFarland reading. 
The symbols are the same as in figure 1. 
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The lower cun’e in figure 2 represents the relation between McFarland reading 
and photelometer reading. In this way a relation between McFarland reading 
and concentration of bacilli in suspension can be obtained. For example, an 
estimation of the concentration of bacilli with an opacity corresponding to that 



FuJ. 3. Thr- of acid-fast bacilli (dchydraird {><*r cc. of eiisp-'n.’ion arc 

plotted a;:rJnc.t turbidity as rr,cs.sured by the Gatca' op.ic'ar.-ter. Tb'* nymbol* arc the earre 
M in Citurr 1. 

of a McFarland ttandard 1.0 can bo made by t.aking the [Kjint rm tbo lotvor cur.'o 
tfiat !« locatt-ti at ^^cF.arIand reading of 1.0 and th^'n proewiing %'f,'tica!!y until 
the upper cun.-o h inlcn'octcd. T/so rea-ding on the loft ; cale (O.-M) provi-hci ihr* 
concentration of thetuspemion in of mg. of bacilli p^ r cc. 
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Results with the Gates opacimeter: The concentration of bacilli, expressed as de- 
hydrated weight per cc. in milligrams was plotted in a similar fashion against 
turbidity readings obtained with the Gates opacimeter in figure 3. It can readily 
be seen that, even though the Gates opacimeter is neither as consistent nor as 



Fig. 4. The milligrams of acid-fast bacilli (dehydrated weight) per cc. of suspension are 
plotted against turbidity as measured by the McFarland nephelometer. The symbols are 
tbe Bame as in figure 1. 

accurate as the photelometer, a general relation between turbidity and concentra- 
tion is nevertheless observed. As the readings with the Gates opacimeter are 
dependent to a large degree upon the sensitivity of the eyes of the observer, re- 
sults obtained by different individuals may be variable. 
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Results with the McFarland nephelometer: These were disappointing. As shown 
in figure 4, considerable variability was encountered. In order to make a cor- 
relation between weight and turbidity available to laboratories where the ne- 
phelometer is widely used, however, several series of McFarland standards were 
prepared, using the precautions of Roepke and Fitch (9), and the turbidities of 
these standards were measured by the photelometer. This relation between 
photelometer reading and turbidity of McFarland standard is represented by 
the lower curve in figure 2. Thus a correlation between McFarland reading and 
fresh weight of bacilli in a suspension is available. 

SUMMART 

1. A method is described by which the weight of radioactive tubercle bacilli 
in a suspension can be determined by measurements of their radioactivity, 

2. The relation between the w^eight of acid-fast bacilli in suspension and tur- 
bidity as measured by the photelometer, Gates opacimeter and McFarland 
nephelometer is presented. 

3. The photelometer provides a convenient and reasonably accurate method 
for estimating the weight of acid-fast bacilli in suspensions. Consistent results 
were obtained with three types of acid-fast bacilli, namely, Mycobacterium phlei 
and BCG and H37 strains of Mycobacterium tuberculosis. 

sraiARio 

Oorreladon de la Radioactividad y la Turbidez de las SuspensioTies de Badlos 
Tuhercuhsos. Tkmica para Calcidar el Peso en Dosis de Bodies 

1. Descrlbese \ma t^cnica que permite determinar el peso de los bacilos tuber- 
culoses en una suspension por medio de mediciones de su radioactividad. 

2. PresOntase la relaciOn entre el peso de los bacilos acidorresistentes en sus- 
pension y la turbiedad medida con el fotelOmetro, el opacimetro de Gates y el 
nefelOmetro de McFarland. 

3. El fotelOmetro facilita un mOtodo conveniente y bastante exacto para cal- 
cular el peso de los bacilos acidorresistentes en suspension. ObtuviOronse resul- 
tados compatibles con tres tipos de bacilos acidorresistentes, a saber; Mycobac- 
terium phlei, y cepas de BCG y H37 del Mycobacterium tuberculosis. 
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STREPTOMYCIN IN EXPERIMENTAL GUINEA PIG TUBERCULOSIS^ 
M. I. SMITH, E. W. EMMART akd W. T. McCLOSKY 

INTRODUCTION 

In all of the studies previously reported from this laboratory on the chemo- 
therapeutic action of streptomycin in experimental tuberculosis in animals, 
treatment vras begun the day of, or the day after, infection and continued unin- 
terruptedly for ten to twelve weeks until the majorit}’- of the untreated controls 
died. At this pohit the experiments were terminated and the value of the par- 
ticular treatment appraised. Under such a regimen, treatment vith graded doses 
of streptomycin indicated a roughls’^ proportional relationship of dose and effect. 
The highest dose employed under these experimental conditions, 40 mg/lcg given 
intramuscularl3’^ in divided doses tvice daity, gave a ver3'' substantial degree of 
protection. Forty per cent of the animals were free from macroscopic tubercu- 
losis, and onl3'’ minimal lesions were present in the remainder ( 1 ). 

The present report consists of the results of treatment vith tliis optimal dose 
of streptomycin, 20 mg/kg tudce daily, when treatment was continued for shorter 
periods, namely, one, two and four weelvs as compared with eleven weelis. Treat- 
ment was started in all cases the day of infection and continued five days weeldy 
with a double dose on the fifth day. It seemed desirable to determine whether 
intensive treatment during the first weelcs of infection, before the tissues are 
generall3’- invaded b3'’ the tubercle bacilli, would or would not be as effective in 
suppressing the disease as the much longer periods of treatment. In addition, 
experiments were set up in which treatment was postponed for one, two, three 
and four weeks after infection in order to determine whether prolonged treatment 
with streptomycin would be effective in eradicating the alread5’- established di- 
sease, as it is in preventing the disease when treatment is begun immediate^’' after 
infection. 

It may be pointed out at this time that the t3TJe of experimental infection which 
is used in this laborator3'' results in a generalized milinr3’’ tuberculosis which pro- 
gresses rapidly to a fatal issue usualty within forty to ninety da3"s. 

The chemical structure of streptom3'-cin is as 3’’et unknown. However, analysis 
of the degradation products of streptom3’’cin ( 2 , 3 ) appears to indicate that 
inositol may be considered as the nucleus around which the streptom3’’cin 
molecule is built. Moreover, inositol was isolated from the tubercle bacillus 
by Anderson ( 4 ) and theoretically it could be regarded as an essential metabolite, 
and, if so, streptomycin might be considered as an antagonistic analogue of the 
essential metabolite inositol. 

Experiments in this laboratory on the influence of inositol on the growth of the 
tubercle bacillus strain A 27 in vitro in Kirclmer’s medium showed no effect in 
concentrations up to 1 per cent. IMien various concentrations of streptom3'cin 
were studied in vitro with inositol up to 1 per cent, there was no indication that 

• From tUo Division of Ph5’siology, National Institute of Health, Bethesda, Maryland. 
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the tuberculostatic activity of the antibiotic was antagonized. Similar results 
were obtained with the rapidly growing strain 607 in submerged cultures in Dubos 
medium. Nevertheless, in view of the above considerations, it seemed desirable 
to determine the effect of inositol in experimental guinea pig tuberculosis and to 
ascertain what effect it has on the chemotherapeutic efficacy of streptomycin 
when the two drugs were administered together. 

EXPERIMENTAL 

One hundred and ten male guinea pigs, weighing 250 to 300 gram, were inoculated intra- 
peritoneally with 1.0 ec. of a suspension of tubercle bacilli human strain HSTRv containing 
0.5 mg. moist weight of the organisms. They were divided into 11 equal groups. 

The first 4 groups received daily intramuscular injections of 40 mg/kg streptomycin 
divided into 2 equal doses for five days a week with a double dose on the fifth day. Treat- 
ment was begun the day of infection. The length of treatment of the 4 groups was : group 
A, one week; group B, two wcelis; group C, four weeks; and group D, eleven weeks. Group 
E served as controls. 

The next series of 4 groups received the same daily dose of streptomycin as in the fore- 
going 4 groups, but were all treated alike for a period of eleven weeks. In this series, the 
interval between infection and the beginning of treatment was varied as follows: group F, 
one week; group G, two weelcs; group H, three weeks; and group I, four weeks. 

Of the remaining 2 groups, N received the same streptomycin treatment as group I, but 
in combination with 0.1 gm/kg of inositol with each dose of streptomycin, and group L 
was given inositol alone, at the same dose level. Treatment was begun the day of infeetion. 

All the animals were weighed once a week. At death they were autopsied, the extent of 
tuberculous involvement noted and graded as previously described (5). Three months 
after infection, when 9 of the 10 controls died, the survivors were tuberculin tested udth 
.01 mg. PPD in 0.1 cc. saline injected intracutaneously. The experiment was terminated 
133 to 148 days after infection when all the survivors were killed with chloroform, autopsied 
and the amount of tuberculosis noted. In doubtful instances, smears were made from 
suspicious materials for Ziehl-Neelsen stain. In the absence of any gross evidence of tu- 
berculous infection, suspensions of the finely minced spleens were made in 5.0 co. sterile 
physiological saline and the supernatant fluid used; (a) for culturing on Steenken 
and Smith’s medium (6), and (b) for inoculation into the right groin of each of 2 guinea pigs 
which were tuberculin tested and autopsied six weeks later. About 0.1 cc. of the 
suspension was used for culturing and 1.0 cc. for inoculation per guinea pig. Only those 
animals which were free from tuberculosis by all the criteria employed were rated zero. 

RESULTS 

Variation in the length of treatment: Treatment Avitb streptomycin* for one and 
two weeks following infection had no significant effect on the degree and extent 
of tuberculous involvement, as shown in groups A and B, table 1. Four weeks of 
treatment definitely reduced the extent of disease by about one-half (C, table 1). 
Prolongation of life however, was evident in aU three groups and the average 

’ Blood analysis of normal guinea pigs receiving single injections of streptomycin intra- 
mtiscularly showed on an average the following concentrations of streptomycin in 


the serum, expressed as units per cc.: 

Doss units/kg. I hr. g hre. S hra. 

4 hrt. 

C hrt. 

e hra. 

7 hra. 

is hra. 

20,000 13.2 10.8 6.2 

4.0 

1.8 

0.8 , 

0.5 

0.2 

40,000 37.0 25.5 13.2 

7.8 

4.8 

3.2 

2.9 

1.9 


The analyses were made by a turbidimetrio method using B circulans as the test organism. 
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gain in weight, as well as the percentage reduction in mortality, were definitely 
related to the length of time of treatment (A, B and C, table 2 ; figure 1). When 
treatment was continued for eleven weeks all the animals survived, showed nor- 
mal weight gains, and 4 of the 10 animals appeared free from lesions, though 7 
out of the 10 reacted positively to tuberculin (group D, tables 1 and 2 ; figure 1). 
It should be emphasized that intensive treatment vdth streptomycin during the 
incubation period of the disease onl}’- prolonged life, but did little to check the 

TABLE 1 


Index numbers^ indicating extent of tuberculous involvement in individual guinea pigs in each 
of eleven groups after being given specified treatment for staled periods of time and after 
stated intervals between infection and treatment 


ANniAL 

ATTUBjrfi 

COK- 
TEOt 
CVlOVV 
E KO 
TREAT 
IIENT 

i 

TEEATMENT WITS 
STBEPTOMVCIK BEODJKING 
THE DAT or INTECTION AKD 
COKTINTUNG THE SPECTFIED 
l^SlIBEa OP WEEKS 

1 

TKEATHEKT WITS 
STREPTOMYCIN BEGINNING 
SPEOTIED NtrMBER OP 
TSXEKS APTEB INTECTION 
AND CONTINTnNO TOE 
EJXVEN WEEKS , 

TREATMENT 
WITS STREP* 
TOMYON AND 
INOSITOL BE- : 
GINNING POUR | 
WEEKS AFTER 
INFECTION AND 
CONnKUINO 
n WEEKS, 
GROUP N 

TREATJEENT 
WITH INOSITOL 
ALONE SEGIN- 
KtNC DAY OF 
INTECTIOS AND 
CONTINUING 
il WEEKS* 
CROUP L 

Group 
A, 1 
week 

Group ! 
B,2 ! 
weeks 

Group I 
C. 4 
weeks 

Group 

D. U 
weeks 

Group 

F. 1 

week 


Group 

H, 3 
weeks 

Group 

1,4 

weeks 

1 

15 

18 

9 i 

10 

1 

1 

1 

4 1 

6 

6 

14 

2 

8 

14 

5 ! 

14 

1 

4 

1 

3 i 

2 

1 14 

4 

3 

20 

16 

20 i 

7 i 

— 

6 i 

1 

4 

— 

' 4 

20 

4 

16 

19 

14 1 

I 

— 

2 

1 

2 

1 

3 

20 

5 

20 

7 

17 

6 

— 

1 

1 

2 

2 


20 

6 

11 

10 

5 

— 

1 

2 

2 

t 1 

! 1 


IS 

7 

15 

18 

12 

14 

1 

1 

1 

4 

! 8 


12 

s 

20 

20 

15 

j 

1 2 

— 

1 

i 8 

1 


9 

9 ! 

1 

7 

■1 

5 

' 

2 

3 

4 

4 

9 

20 

10 

20 

12 

Bi 

7 

! 1 

1 

1 

2 

; ^ 

1 3 

1 


9 

Average.. 

14.6 

14.1 

1 

12.2j 

7.1 

0.7 

1.9 

1.4 

4.0 

2.8 

6.4 

14.6 


^ At necropsy the amount of tuberculous involvement was noted in the omentum and 
lymph nodes, the spleen, the liver, the lungs and the peritoneum and kidnej's; and each 
was rated on the basis of 0 to 4 according to the extent of involvement. The sum of these 
gives the "tuberculosis inde.x” for each animal, and the sum of these divided b}’ the num- 
ber of animals gives the "average tuberculosis index” for the group. (See "The Action of 
Some Derivatives of 4-4* Diaminodiphenylsulfone in Experimental Tuberculosis” by M. I. 
Smith, E. W. Emmart and E. F. Stohiman, Am. Rev. Tuberc., 1943, 4S.) 

- Died soon after infection. 


invasiveness of the tubercle bacillus, the progress of the disease, or to prevent 
tissue destruction.^ 

® Since this has been written, another experiment has been carried out more recently with 
10 controls and 10 guinea pigs treated with the nearly maximum tolerated dose of 50 mg/kg 
streptomycin twice daily for three weeks. Three of the treated guinea pigs died of drug 
toxicity at ten to twelve days. The experiment was terminated at one Inindred five days. 
At this time 8 of the 10 controls had died and the average tuberculosis index for the whole 
group was 10.7. The seven sundvors of the group treated with streptomycin for three weeks 
all had generalized tuberculosis with an average index of 6.7 . 
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Yariadon m the time interval between infection atid beginning of treatment: 
Eleven weeks of treatment with streptomycin started one to two weeks after 
infection (groups F and G), gave almost as good results in suppressing the disease 
as when treatment was begun the day of infection. The tuberculosis index in 
these two groups was 1.9 and 1.4, respectively, as compared with 14.6 in the 
controls (table 1). .(Ml the animals in these two groups suiwivcd (table 2). The 
average weight curves for these two groups were almost as good as for the group 

TABLE 2 


The influence of duration of treatment with strcptonnjcin and of the time interval between 
infection and beginning of treatment for groups of guinea pigs 



mEATirrsT 

Kint. 

j\r.n 

or 

STJM. 

: itr.R 
or 

ANT- 

i 

! TUntRCULO- 
1 SIS IN'DHX* 

rER j 
CENT 1 
or 

EACH 

CROUP 

A^TRACE 

CUANCn 

IN 

c, 

o 

c 

t£ 

c 

I 

UAl^ 

IS* 

CROor 

UAtS 

witicn 

DirD 

TO 

SUR- 

VIVORS 

Range 

Aver- 
! age 

1 

t REE 
FROM 
LE- 
SIONS 

wxicirr 

E 

Control 

10 

9 

1/1 

1-20 

114. G 


cm. 

-5.G 

A 

1 week, beginning dnj' of infection 

10 

4 

C/G 

7-20 

14.1 

— 

4-96.8 

B 

2 weeks, beginning day of infection 

10 

2 

7/S 

5-20| 

12.2 

— 

4-145.2 

C 

4 weeks, beginning da 3 * of infection 

9 

— 

9/9 

0-14 

7.1 

11 

4-278.9 

D 

11 weeks, beginning da\’ of infection 

10 

— 

7/10 

0-2 

0.7 

40 

4-353.6 

F 

11 weeks, beginning 1 week after infection 

10 

— 

10/10 

0-7 

1.9 

20 

4-275.8 

G 

11 weeks, beginning 2 weeks after infee- 

10 

— 

8/10 1 

0-3 

1.4 

— 

4-307.6 

H 

tion 

11 weeks, beginning 3 weeks after infee- 

10 

5 

5/5 

1-S 

4.0 

_ 

4-171.2 

I 

tion 

11 weeks, beginning 4 weeks after infee- 

10 

1 

9/9 

0-9 

2.8 

10 

4-212.8 

N 

tion 

Same as group I plus 0.2 gm./kg. Inositol 

9 

4 

5/5 

1-14 

6.4 

11 

4-243.5 

L 

intramuscular daily 

Inositol onl}’’ as in N, 11 weeks, beginning 

10 

8 

2/2 

4-20 

14.6 

_ 

4-75.2 


day of infection 









' At necropsy the amount of tuberculous involvement was noted in the omentum and 
lymph nodes, the spleen, the liver, the lungs and the peritoneum and kidneys; and each 
was rated on the basis of 0 to 4 according to the extent of involvement. The sum of these 
gives the “tuberculosis index” for each animal, and the sum of these divided by the num- 
ber of animals gives the “average tuberculosis index” for the group. (See “The Action 
of Some Derivatives of 4-4* Diaminodiphenylsulfone in Experimental Tuberculosis” by 
M. I. Smith, E. W. Emmart and E. F. Stohlman, Am. Rev. Tuberc., 1943, 4S.) 

treated from the day of infection (curves F, G and D, figure 2). Few of the ani- 
mals in these two groups, however, were completely free from tuberculosis. 

When treatment was delayed for three to four weeks after infection, as in 
groups H and I, the tuberculosis index was increased to 2,8 to 4.0 (table 1), the 
mortality rate appeared to be increased (table 2), and the average weight curves 
were reduced (H and I, figure 2). However, comparison of this series with the 
preceding series of 4 groups makes it appear that, from the standpoint of efficacy 
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of treatment, it is more important to make sure that the period of treatment is 
adequately long than to place excessive emphasis on avoiding delay in the be- 
ginning of treatment after infection (figures 3 and 4). 

Effect of inositol and its influence on streptomycin: The action of daily injections 
of inositol in axperimental tuberculosis, when treatment was begun the day of 
infection and continued for eleven weeks, is shown in group L, tables 1 and 2. 



Fig. 1. Average weight curves of groups of tuberculous guinea pigs treated with 20 mg/ 
kg streptomycin twice daily beginning on the day of infection : group A, one week; group B, 
two weeks; group C, four weeks and group D, eleven weeks; group E controls. First arrow 
indicates time of inoculation and beginning of treatment; second arrow time of PPD testing. 

Comparison vrith the untreated controls of group E shoivs that inositol is without 
effect, the mortality rate in the inositol groups being 80 per cent as compared with 
90 per cent for the controls, and the tuberculosis index 14.6, identical with that of 
the controls. The influence of inositol on the chemotherapeutic efficacy of 
streptomycin may be seen by comparing groups I and N, tables 1 and 2, figure.^ 
4 and 5. The mortality rate of I was 10 per cent as compared with 45 per cent 
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for N (table 2), and the tuberculosis index for I was 2.8 or less tban one-half that 
of N, which was 6.4 (table 1 and figure 4) . The average weight curves for groups 
I and N, in comparison with the untreated control group E and the group treated 
with inositol alone, L, is shown in figure 5. It appeared that under the experi- 



Fig. 2. Average weight curves of groups of tuberculous guinea pigs treated with strep- 
tomycin 20 mg/kg twice daily for eleven weeks with varying intervals between infection; 
group D treatment begun day of infection; group F, one week; group G, two weeks; group 
H, three weeks and group I,four weeks;group E, untreated controls. First arrow indicates 
timeofinfeotion, second, time of PPD testing. Small arrows on the curves indicate beginn- 
ing nnd end of treatment. 

mental conditions inositol had in some measure counteracted or nullified the 
chemoterapeutic efficacy of streptomycin. 

DISCUSSION 

The present experiments were undertaken to determine whether intensive 
treatment with streptomycin during the first month of infection would be suffi- 
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cient to protect guinea pigs from the destructive effects of M. tuberculosis. Acute 
tuberculosis infection in the guinea pig maj’’ be diiided roughly into three phases: 
(a)' the preinvasive state, the period of “freely growing bacilli” (7) during the, 
first one to two weeks before the tubercle bacilli have established their intra- 
cellular parasitic existence; (6) the period of invasiveness, during the next one 
to two weeks following infection when rapid dissemination of the invading 



Fio. 3. Relation of duration of treatment tritb streptomycin and the extent of tuber- . 
culous involvement in groups of tuberculous guinea pigs : group A, treated one week; group 
B, two weeks, group C, four weeks, group D, eleven weeks, all treatment begun day of in- 
fection; group E, untreated controls. 

microorganism occurs with tubercle formation in organs and tissues of predilec- 
tion; and (c) the phase of tissue destruction, necrosis, and death of the host. The 
results of this study indicate that streptomycin has no chemotherapeutic efficacy 
when treatment is restricted to the first phase; little or no efficacj’ when treatment 
is restricted to the first and second phases; and that its greatest effectiveness is 
realized when treatment is applied throughout the three phases of infection. It 
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is significant that, ivhcn treatment was restricted to the tliird phase of the infec- 
tion, the results were better than when applied during the first two phases and, 
in some cases, were almost as good as when treatment was applied throughout 
the entire course of infection. This suggests a possible mechanism of action of 
streptomycin. This greatest activity of streptomycin, at a phase of infection 



0 1 2 3 4 . 

INTERVAL IN WEEKS 


Fig. 4. Relation of time interval between infection and beginning of treatment and the 
extent of tuberculous involvement in groups of infected guinea pigs. Group D treatment 
begun day of infection; group F, one week after infection; group G, two weeks; group H, 
three, weeks; group I, four weeks; group N treated as group. I but in combination 
with inositol. 

when the tubercle bacillus exerts its greatest destructive effect in the tissues of 
the imtreated host, indicates that the chemotherapeutic action of the drug is 
best evolved during the peak of mutual interaction of the tissues of the invaded 
host and the invading microorganisms. An alternate explanation might be that 
streptomycin may detoxify or inactivate toxins liberated by M.- tuberculosis 
which are destructive to the tissues of the host. The practical implication 
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of these findings is that it is ad\dsable to apply intensive treatment with strep- 
tomycin as soon as is feasible, and to continue the treatment for an adequately 
long period of time. In the acute and subacute infections in guinea pigs, 
this period is ten to twelve weelrs. What it should be in man must be deter- 
mined by clinical trial. 



Fig. 5. Average weight curves of groups of tuberculous guinea pigs treated for eleven 
weeks with streptomycin (group I), streptomycin plus inositol (group N), treatment begun 
four weeks after infection. Group L treatment with inositol alone for the same length of 
time but treatment begun day of infection. Group E untreated controls. Arrow 1 indi- 
cates time of infection, arrow 2 time of PPD testing. Small arrows on the curves indicate 
beginning and end of treatment. 

The e.\periments with inositol and streptomycin indicated that the chemo- 
therapeutic action of the latter was inhibited by inositol. Inositol has been 
isolated from the phospholipids of M. (iibcrculosis (4). Theoretically, inositol 
could be sjmthcsized from glycerol which is a nutrient for il/. tuberculosis. Thus 
inositol may be an essential metabolite in the growth of tubercle bacilli. The 
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similarity in chemical structure of streptomycin and inositol suggests that the 
inhibiting action of streptomycin on M. tuberculosis may be another example of 
the antibacterial action of a chemical substance- structurally related to an es- 
sential metabolite. 


SUMMARY 

Intensive treatment ivith streptomycin during the several phases of tubercu- 
lous infection in guinea pigs resulted in little evidence of chemotherapeutic 
activity when the treatment was restricted to the first four weeks of infection. 
This period coincides with the preinvasive period and the period of early in- 
vasiveness. A high degree of chemotherapeutic activity was observed when 
streptomycin was administered during the third stage of infection, which coin- 
cides with the period of generalized tissue destruction and necrosis. 

Inositol has no effect on experimental tuberculosis infection in guinea pigs. 
Inositol appeared to antagonize the chemotherapeutic action of streptomycin 
when the two were used together. It is suggested that this antagonistic action 
may be another example of antibacterial action of a chemical analogue struc- 
turally related to an essential metabolite. 

SUMARIO 

La Estreptomicina en la Tuberculosis Experimental del Cobayo 

(a) Efecto de la duracidn del tratamiento y del tiempo transcurrido entre la 
infeccibn y el comienzo de la terapfiutica. 

(b) Influjo del inositol y su accidn antagdnica a la estreptomicina. 

El tratamiento intenso con estreptomicina durante las varias fases de la in- 
feccidn tuberculosa en los cobayos indicd poca actividad quimioterapdutica si el 
tratamiento se limita a las primeras cuatro semanas de infeccidn, que coinciden 
con el perlodo preinvasor y el perlodo de invasidn temprana y mucha actividad si 
se aplica el tratamiento durante la tercer etapa de infeccidn que coincide con el 
perlodo de histdlisis general y esfacelo. 

El inositol no ejercid efecto alguno sobre la infeccidn tuberculosa experimental 
en los cobayos, y aparentemente antagonizd la accidn quimioterapdutica de la 
estreptomicina cuando se empleaban simultdneamente. Ese antagonismo puede 
constituir otro ejemplo de accidn antibacteriana por un producto qulmico 
andlogo, estructuralmente afln de un metabolite esencial. 

Addendum 

Since completion of this work, Rhymer and associates (9) have reported on the 
antistreptomycin activity of a brain extract which they identified as lipositol. Lipositol, 
according to Woolley (10), is an inositol-containing phospholipid, with 16 per cent inositol 
and 15.5 per cent galactose in its structure. 
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THE ACTION OF GASTRIC CONTENTS ON TUBERCLE BACILLI 
VIRGINIA M. SCHWARTINQi 


. lOTRODTJCTION 

In a previous paper (1) it was shown that many specimens of gastric contents 
obtained by lavage are able to inhibit tubercle bacilli present, particularly if the 
specimens are kept at warm temperatures. The present paper is a more thorough 
investigation of this phenomenon. 

In addition to the hydorchloric acid and pepsin present in most specimens of 
gastric contents, saliva and bile may also be found. Evidently one or all of 
these substances contribute to the inhibitory action the lavage material exhibits 
against tubercle bacilli. 

Saliva contains inhibitory substances against M, tuberculosis as was demon- 
strated by Piasecka-Zeyland and Zeyland (2) and Dold and Ochsenreither (3). 
Other bacteria are also inhibited by saliva, as demonstrated by Dold and Weig- 
man (4), Bibby, Hine and Clough (5), and Van Kesteren, Bibby, Berry and 
others (6). Bartle and Harkins (7) and Hurst (8) are among the many workers 
who have pointed out the strong bactericidal effect of acid. Pepsin has thus 
far not been found active against tubercle bacilli. Bile has been similarly 
vindicated by Floyd and Page (9). Whole gastric juice, either natural or 
artificial, has been shown to be harmful to tubercle bacilli by Lester (10), Floyd 
and Page (9), Schwarting (1), ICramer (11), and Sprick and Towey (12). In 
addition to the usual components of gastric juice, Ames, Culver and Nungester 
(13) have found a germicidal factor present in gastric lavages. 

Tubercle bacilli must be exposed to gastric juice for at least ten hours before 
being seriously injured. Because of this fact, early workers have perhaps over- 
looked the harmful effect of lavage solutions. Delay caused by mailing speci- 
mens to public health laboratories may result in many falsely negative cultures. 
Furthermore, the practice of pooling several days’ lavages and culturing the 
composite sample is unsound in the light of experimental evidence. In the 
writer’s experience, inhibitorj’’ lavages kill all the contained tubercle bacilli if the 
delay is long enough for the temperature employed. 

In order to determine the frequency and character of the inliibitorj- lavage, a 
suia’cy of 50 gastric lavages was undertaken. 

METHODS 

The following data wore recorded for each specimen: (/) reaction to litmus or nitrazinc 
papers; (S) presence and amount of pepsin. (Kleiner test) (14); and (5) number of tubercle 
bacilli present on smear of control. 

^ All lavages were taken from the fasting stomach, using not more than 200 cc. of sterile 
distilled water in the process of collection. Four aliquots of 4 cc. each were measured into 
round-bottom ^ cc. centrifuge tubes. Each aliquot was seeded with an aqueous suspension 
of tubercle bacilli to produce a final concentration of .001 mg. of bacilli per cubic centimeter 
of lavage. This amount jdcldcd sediment smears of Gaffky I or II. 

* Pathologj' Laboratory, Glen Rake San.atorium, Oak Terrace, Minnesota. 
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Immediately after seeding, portion No. 1 was treated by the Hanks, Clark and Feldman 
method (15) and the resulting sediment was planted on three tubes of Petragnani’s medium. 
This portion acted as the control, and in all cases it produced heavj-, confluent growth. 

The remaining three aliquots were placed: at incubator temperature, 37° C, (portion 
No. 2); room temperature, (portion No. 3); and icebox temperature, (portion No. 4); and 
left until the following morning. At that time the aliquots were treated and planted as in 
the control portion. Cultures were observed twice weekly for six weeks. In summarizing 
the data from these cultures, the final, or twelfth, observation was used. 

Lavages which showed no growth in the 37° C incubated portions were considered in- 
hibitory and were graded according to the amounts of inhibition noted in the room and ice- 
box portions. Those showing a few colonies in the warm incubated portion were considered 
doubtfully inhibitory. Specimens showing equal amounts of growth in all portions, re- 
gardless of the temperatures used, were noninhibitory. 

TABLE 1 


Summary of cultural results after twenty-four hottr exposure to gastric contents 


CmiBlTOBY ACTIOK 1 

lAVACES 


Number 

Per cent distribution 

Total 

60 

100 


Negative action. 

12 

24 

Inhibitory action 

38 

76 


! 

Doubtful 

2 

4 

1 -b 

i 3 

6 

2 -b 

10 

20 

3 -b 

I 

i 15 

30 

4 -b 

8 1 

1C ’ 


1 


EESULTS 

The results of the sun'ey are tabulated In table 1. It will be seen that 76 per 
cent of the lavages show some inhibitor}" power against tubercle bacilli. Twenty- 
four per cent lack this ability. 

Characlcristics of Survey Lavages: The 38 inhibitory lavages resembled one 
another in two respects. All were acid, and all contained some pepsin. Usually 
those with less acid contained the smaller amounts of pepsin, and the strongest 
inhibition was seen chiefly in the high-acid containing specimens. 

Lavages showing no inhibition were sharply divided from the group above 
both as to pepsin and acid content. There were 12 noninhibitor}’ lavages, only 
one of which was acid. Ten of the lavages were neutral in reaction, and one was 
alkaline (pH 7.5). Only 2 of the lavages contained pepsin. One lavage con- 
tained both acid and pepsin, but for .some reason was noninhibitivc. 

Pepsin apparently played no part in the inhibitivc process. Some of the non- 
inhibitive lavages contained pepsin but no acid, and in these cases the pepsin 
alone had no apparent effect on tubercle bacilli. 

Effect of Acid and Pepsin on Tubercle Bacilli: As acid and pepsin in combina- 
tion were most frequently found in specimens vith inhibitivc power, an artificial 
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gastric juice was prepared according to Floyd and Page (9) to test the properties 
of these two components. Composite results are presented in table 2. 

The formula for gastric juice derived from Floyd and Page contained acid 
and pepsin contents corresponding to normal stomach values. The tests de- 
scribed in table 2 were performed as in the survey previously described. Several 
trials of each combination were recorded, and a composite result taken for the 
table. All control portions yielded 4+ grovdh. 

The artificial gastric juice was less potent than natural secretions. An in- 
consistency was noted in that acid alone was more strongly inhibitive than the 
entire gastric juice formula. Differences between artificial gastric juice and 
natural secretions are perhaps axplained by the presence of germicidal factors in 
saliva or bile, or by unknown substances in the cellular elements. 

By neutralizing the natural lavages to remove the effect of the acid, it was 
hoped that the residual inhibitive effect might be demonstrated when tested 
against small amounts of tubercle bacilli. Unfortunately, these experiments 


TABLE 2 

Effect of acid and pepsin on tubercle bacilli 


COUTOSITION 

CSOWTU 

IKniBITOXY ACnOK 

Pepsin — no acid 

4 -}- 

Negative 

1 to 7 c* 

Negative 

2 -1- 

Doubtful 

Acid— no pepsin 

Pepsin and acid 

Pepsin plus acid, boiled to destroy pepsin before 
scedint; 

Negative 

4 + 

2 + 

Pepsin plus acid, neutralized to prevent action of 
both pepsin and acid before seeding 

Negative 



* c - colonics. 


were inconclusive, as acid evidently accounts for the majority of the inhibitive 
property. 

Natural Gastric Lavages: In all of the foregoing experiments, large amounts of 
tubercle bacilli were present to act as an indicator of inhibition. Despite the 
heavy seeding, many of the lavages were sufricienllj'- inhibitory to kill off all the 
organisms present, especially at the warmer temperatures. If such a strongly 
inhibitive specimen contained a very small number of bacilli, it is likely that ail 
organisms would perish if the specimen were subjected to delay or exposure to 
warm room temperatures before being treated for culture. 

.\s this question is of importance to public health laboratories or other central 
laboratoric,s, which depend on the mails for receipt of specimens, a .scries of IS 
natuudly positive lavagcis was studied. As before, the lav.ages were divided into 
aliquots, but onl}’ 3 were u.sed. 

Portion No. 1 was digested immediately and cultured. PoKions- No. 2 .and 
No. 3 were held at room and icebox temperatures for forty-eight hours resper- 
livelv before being digested and cultured. It was believed that the lower 
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temperatures and longer delaj’-s would simulate conditions met in actual practice. 

As a result of the small numbers of bacilli present, errors of sampling and 
distribution complicate the determinations. Therefore, wherever the control 
portions were negative, the grade of inhibition was undetermined. Likewise, 
those specimens which yielded onl}’- one or two colonies in the tested portions 
were considered doubtful. Only those lavages w’hich contained a fair number 
of colonies in the control portion were assigned definite inhibition grades. The 
summar3>- of this series ma3'’ be seen in table 3. 

In this series, 10 of the IS lavages were positive for tubercle bacilli when 
cultured immediatel3\ When held fort5'-eight hours in the icebox before being 

TABLE 3 


Results of temperature and the inhibitory action on naturally positive lavages 


XUICBER 

SMTAR 

1 

mCEDIATELV 

CULTURED 

ROOU 

TEMPERATURE 
{4S HOURS) 

ICE BOX 
TEMPERATURE 
(4S HOURS) 

IKHIBITORY ACnOK 

1 

' G 1 

43 c*> 

56 c* 

23 c* j 

Negative 

2 

G 3 

4 -1- 

Negative 

25 c* 

Positive 

3 

Negative 

2 c* 

Negative 

1 c» 

Doubtful 

4 

Negative 

1 c* 

Negative 

Negative 

Doubtful 

5 

1 Negative 

22 c* 

Negative 

Negative 

Positive 

6 

Negative 

1 c* 

Negative 

Negative 

Doubtful 

7 

Negative 

Negative 

Negative 

Negative 

Undetermined 

s 

Negative 

Negative 

Negative 

Negative 

Undetermined 

9 

G 2 

4 -f 

4 -F 

4 -F 

Negative 

10 

G 2* 

Negative 

Negative 

Negative 

Undetermined 

11 

Negative 

56 c* 

Negative 

Negative 

1 Positive 

12 

G 2 

3 4* 

Negative 

Negative 

Positive 

13 

Negative 

21 c* 

Negative 

Negative 

Positive 

14 

Negative 

Negative 

Negative 

Negative 

Undetermined 

15 

Negative 

Negative 

Negative 

1 c* 

Doubtful ’ 

16 

Negative 

Negative 

Negative 

Negative 

Undetermined 

17 

Negative 

Negative 

Negatii'e 

Negative 

Undetermined 

IS 

Negative 

Contaminated 

Negative 

1 c* 

Doubtful 


> Partially contaminated with nonacid-fast bacteria. 

* Atj'pic.al acid-f.ast bacilli, 

* c = colonies. 


digested and cultured, only 6 of the 10 lavages remained positive. After being 
held forfc3'-eight hours at room temperature before being digested and cultured, 
only 2 of the lavages remained positive. Thus, a delay of fort3'-eigbt hours at 
room temperature considerabb' reduced the number of positive lavages. 

DISCUSSION* 

From those data it appears that approximately three-fourths of adult g.aslric 
lavages are harmful to tubercle bacilli. Dela}*, especially at warmer tempera- 
tures, permits inhibifor3' lavages to kill off many of the bacilli, thus producing 
false ncg.ative cultures. 
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The best cultural results are obtained if lavage specimens are digested and 
cultured as soon after collection as possible. Pooling lavages for days before 
culturing the composite sample seems unjustified. 

SUMMARY 

1. In a series of 50 seeded gastric lavages, 38, or 76 per cent, were bactericidal 
for tubercle bacilli. 

2. Inhibitory lavages were acid and usually contained some pepsin. 

3. Natural gastric lavages, which mn}^ contain bile, saliva, cellular elements 
and germicidal factors, are more strongly inhibitor}' than artificial gastric juices. 

4. The bactericidal effect of gastric lavages is dircctl}' related to the length 
of time and the height of temperature at which the lavages are kept. 

6UMARIO 

Accion dd Contenido Gdslrico sobre d Bacilo Tiiberculoso 

1. En ima serie de 50 lavados gdstricos sembrados, 38, o sea 76 por ciento, 
mostrdronse bactericidas para los bacilos tuberculoses. 

2. Los lavados inhibidores eran dcidos y contenfan por lo general pepsina. 

3. Los lavados gdstricos naturales, que pueden contener bilis, saliva, elemen- 
tos celulares y factores germicidas, son inhibidores mils poderosos que los jugos 
gdstricos artificiales. 

4. El efecto bactericida de los Ifquidos de lavado gdstrico guarda relacidn di- 
recta con el tiempo y la temperatura a que se guardan. 
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THE SUBEFFECTIVE DOSE OF STREPTOMYCIN IN EXPERIMENTAL 
TUBERCULOSIS OF GUINEA PIGS* 

ALFRED G. KARLSON and WILLIAM H. FELDMAN 

In studies of the effect of using two or more chemotherapeutic agents together 
in an experimental infection, it is necessarj' that the dose of each drug be low 
enough so that one of the drugs alone 'will not be responsible for the maximal ther- 
apeutic response. If the dose of one drug in a combination is great enough to 
result in a reversal of a progressive disease and healing of the lesions equal to that 
produced by the combined treatment, it will not be possible to conclude anything 
about the beneficial effects of the combination. 

In experimental tuberculosis of guinea pigs, it has been demonstrated that 6 
mg. of streptomj’-cin daily will exert a strikingly favorable effect on the disease 
when treatment is continued for one hundred and sixty-sLx days, starting forty- 
nine days after inoculation with 0.001 mg. of vinilent human type tubercle ba- 
cilli (1). It has also been shown that 6 mg. of streptomycin daily will arrest the 
progress of the disease in guinea pigs when treatment is continued for only fifty- 
four dal’s, even when the beginning of treatment is delayed for twenty-one days 
after inoculation ^\•ith 0.1 mg. of bovine or freshly isolated human type tubercle 
bacilli (2). hloreover, it has been observed that the favorable effect of treating 
tuberculous guinea pigs with G mg. of streptomycin daily may occur as soon as 
twenty-one dai's, even when treatment has been delayed for three weeks after 
inoculation ■with 0.1 mg. of virulent human type of tubercle bacilli. 

When studies on the effect of combining streptomycin therapy with other 
chemotherapeutic agents in experimental tuberculosis were anticipated, it was 
necessary to find the dose of streptomycin that would result in a response less 
favorable than that obtained with a daily dose of 6 mg. of the drug. 

METHODS 

Fifty-eight mature male guinea pigs, each weighing 500 to GOO gm., were each inoculated 
subcutaneously over the sternum mth 0.1 mg. (moist weight) of virulent human tubercle 
bacilli (H37Rv). Twenty daj's later, one animal died from unknown causes, but was 
found to have visible miliary tubercles in the spleen and liver. On the twenty-first day, 
4 guinea pigs were killed; each had lesions of tuberculosis in the lungs, liver and spleen. 
The remaining 53 animals were di%aded into seven groups, as shown in table 1. The 
various daily doses of streptomycin® were made by dissolving the drug in sterile w’ater in 
concentrations of 20.0, 6.0, 4.0, 2.0, 0.5 and 0.1 mg. per mil., respectively. The individual 
doses were injected twice daily in 0.5 mil. amounts subcutaneously in the axillary space. 
One group of animals served as untreated controls. Treatment was continued for fifty-six 
days, at the end of which time all the animals were killed. Portions of tissue were selected 
for subsequent histologic examination. 

In a second experiment, 60 male guinea pigs, the average weight of which was slightly 
more than 500 gm., were each inoculated subcutaneously over the sternum with 0.001 

' Division of Experimental Medicine, Mayo Foundation, Rochester, Minnesota. 

’ The streptomycin used in these studies was furnished through the courtesy of the late 
Doctor Robertson, Merck & Co., Rahway, New Jersey. 
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mg. (moist weight) of H37Rv. Ten ammals died between the thirty-fifth and the fortw 
second day after infection, all had visible lesions of adranced tuberculosis. On the forty- 
second day of infection, the sur%'i\’ing animals were di\dded into three groups as shown in 
table 2. Several animals of each group died soon after treatment was started and .arc 
not included m the table.® Nine animals were treated daily with 6 mg. of streptomycin 
given in two dailj' injections of 0.5 mil. of a solution containing 6 mg. of the dnig per mil. 
Eleven animals received only 2 mg. of streptomycin daily given in two daily injections of 

TABLE 1 


Average severity of (ubcrciilosis expressed numcricallybascd on histopathologic characteristics* 

(S) {experiment 1) 


STUEPTOitYON 

AKlltAtS 

SPLEEN* 
(UAX.: 35) 

LTTXCS 
(UAX.: 30) 

1 

tlSTE 
{USX.: 25) 

STTE or 
iKOCtfLATIOJf 
(ttwe.: 10) 

ANXEACE INXEX 

or iNTECnON 

(iiAX.: 10)) 

rr.g. per day 

20.0 

s 

0.25 

0.37 

0.75 

1.2 

2.57 

0.0 

8t 

4.9 

4.9 

0.25 

3.2 

13.2 

4.0 

8 

0.5 

0.9 

0.5 

0.0 

1.9 

2.0 1 

S 

20.0 

5.2 

2.5 

2.5 

1 30.2 

0.5 

8 

30.7 

13.2 

15.2 

8.7 

i 67.8 

0.1 

7 

33.0 

C.3 

18.4 

10.0 

G7.7 

Control 

G 

32.5 

21.6 

25.0 

8.3 

87.4 


• Treatment started twenty-one days after inoculation and continued for fifty-six d.ays. 
t Three animals in this group were treated for only twenty -four, twenty-eight and 
thirty days, respectively. 


TABLE 2 


Average severity of tnbcrcidosis expressed numcricallybascd on histopathologic characteristics* 

{experiment S) 


STSEPTQin’aN 

ANIMALS 

SrLEEK 
(max.: 35) 

tVKGS I 

(MAX.: 30) ; 

inxx 1 

(MAX.: 25) ! 

j 

SITE or 
IKOCTTJITION’ 
(MAX.: 10) 

AVEKACE IKDEJC 

or laTECTins 
(iiax.: too) 

nj. per day ' 

6.0 

1 

9 

1.2 

1.6 

0.7 

3.3 

c.s 

2.0 1 

11 

20.0 

4.7 

9.2 

7.3 

34.2 

Control 

12 

35.0 

21.0 

21.7 

9.1 

S6.S 


* Treatment started forty -two days .after subcutaneous inoculation with 0,001 mg. of 
vdrutent human tubercle bacilli. 


0.5 mil. of a solution cont.aimng 2 mg. per mil. Tlicrc were 12 untreated controls. Treat- 
ment was continued for one hundred and nineteen daj-s, nt the end of which time all the 
sura-ivors were killed. hLany of the animals in c,ach group died before the end of the 
cx]>erimcnt,^ but among the treated groups the duration of therapy w.as comparable; fifty 
daj-s for the C mg. group, fifty-one for the 2 mg. group. Tlie average duration of life of 
the control .animals was fifty-ciglit tlaj-s beyond the time when therapy was started in the 
two treated groups. 


’ In all studies on the chemotherapy of experiment.a! tulicrculosisin this laboratory, nni- 
m.als whirh die before completing twenty-one days of treatment arc considered as “frU- 
ur«." 

‘ The virus o; lymphocytic choriomeningitis wjvs identified by our rvssociates Dr. Heil- 
man .nnd D.'. Weed, in the tissues of several animals that died in both of these cxp-rimenls. 
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KESUETS 

The average severity of the disease, ns determined by histopathologic charac- 
teristics (3), in each group of the first experiment is given in table 1 . Three 
animals of the group treated ivith 6 mg. of streptomycin daily died after only 
twentj'-four, twenty-eight and thirty days of treatment, respectively. In these 
3 animals, there was microscopic e\ndcncc of regression and healing of pulmonaiy 
and hepatic lesions, but the activity of lesions in the spleen and at the site of 
inoculation was sufficient to account for the higher average index of infection of 
the entire group. Excluding the active lesions in these animals, which were 
treated for only a short time, it was apparent that daily treatment with 20 mg., 
6 mg., or 4 mg., of streptomycin for fiftj'-six days resulted in a marked diminution 
of the progressive tuberculosis that was present when treatment was started. 
There was no gross or microscopic exndcnce that the daily' treatment w’ith 6 mg. 
or 20 mg. was more beneficial than treatment with 4 mg. With all three doses 
there was a marked regressive change to a nonprogressive healing process. In 
tissues from animals that received onl}' 2 mg. of streptomycin daily, the favor- 
able effect was much less pronounced, although there was microscopic evidence 
of an attempt to restrict the disease by fibrosis in the liver and lungs. In many 
of these animals there were active lesions in the spleen, but they were less ex- 
tensive than in the untreated controls. Streptomycin in doses of 0.5 or 0.1 
mg. daily had little effect in changing the microscopic appearance of the disease 
from one of an advancing process to that of a restricted nonprogressive lesion. 

The histologic findings in the second experiment (table 2) revealed that the 
daily dose of 2 mg. of streptomycin resulted in an incomplete regression of the 
disease as compared to the marked diminution of the lesions in the animals which 
received 6 mg. daily. In the latter group, the lesions in the spleen, liver, and 
lungs were definitely inactive and fibrotic. Many of the spleens contained cal- 
cified foci. The lungs and liver of the guinea pigs that received 2 mg. daily also 
showed many inactive healing lesions as compared to the controls, but active 
tubercles with a minimum of fibrosis were present in the spleens. 

BtrMMART AND CONCLDBIONS 

In order to study the effect of combining streptomycin therapy with other 
agents in tuberculosis of guinea pigs, it was necessary to find the dose of strep- 
tomycin which would result in only a partial reversal of the disease process so 
that any effect of added drugs could be detected. Guinea pigs were infected 
with 0.1 mg. of virulent human tubercle bacilli and twenty-one days later were 
divided into seven groups. The animals in six groups w^ere each treated daily 
with 20.0, 6.0, 4.0, 2.0, 0.5 and 0.1 mg. of streptomycin, respectively, for fifty- 
six days and one group sensed as controls. Histologic examination of the lungs, 
liver, spleen, and site of inoculation revealed that daily injections of streptomycin 
in doses of 20.0, 6.0 and 4.0 mg. w'ere equally effective in changing the advancing 
unrestricted disease dramatically to a nonprogressive one. There was no micro- 
scopic evidence that daily injections of 20.0 or 6.0 mg. were more beneficial than 
injections of 4.0 mg. The use of 2.0 mg. daily resulted in only an incomplete 
change of the progressive disease. There were residual foci of activity in the 
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spleens of most of these animals in contrast to the absence of active lesions in 
those treated vith larger doses. 

In a second experiment, dailj' treatment of two groups wth 0.0 and 2.0 rag., 
respectively, was started forty-two daj’s after infection A\-ith 0.001 mg. of tubercle 
bacilli. The average duration of treatment was fifty and fifty-one days, respec- 
tively. In this, as in the first experiment, the daily administration of 6.0 mg. 
of streptomycin resulted in microscopic evidences of repair and hcjiling. There 
were no active tuberculous lesions in the liver, spleen, or lungs of any of the 
animals. In those that received 2.0 mg. of streptomycin daily, there were ac- 
tive foci in the spleens of all but 3. Lesions in the lungs and liver were much less 
extensive than in the untreated controls, but the degree of fibrosis and diminu- 
tion of the disease was less than in those given 6.0 mg. daily. 

It is concluded that a daily dose of streptomycin of 2.0 mg. will be only par- 
tially effective in experimental tuberculosis of guinea pigs and may be used as the 
subeffective dose in testing the additive effect of otlicr drugs in combination \vifh 
streptomycin therapy. 


SU^UUIO y COXCLOSIOXES 

La Dosis Subcfccliva dc Esircpioviicina cn la Tuberculosis Expirmcntaldcl Cohayo 

A fin de cstudiar cl efecto dc la cstreptomicinolcrapia combinada con otros 
agentes cn la tuberculosis del cobayo, resultd nccesario descubrir la dosis do 
cstrcptomicina que no obtendria mils que una reversion parcial del proceso 
patoldgico, pormitiendo asi obseiwar cl efccto, si lo hubiere, dc las drogaa agrega- 
das. Sc infeetd a cobayos con 0.1 mg. dc bacilos tuberculoses humanos viru- 
lent os, dividndoseles 21 dfas despuds en sietc gnipos. Los animales pertcnc- 
cientes a seis gmpos fucron tratados a diario con 20.0, 6.0, 4.0, 2.0, 0.5 y 0.1 mg. 
dc cstrcptomicina, respcctivamente, durante 56 dfas, sir\’icndo cl otro grupo 
dc testigo. El examen histoldgico dc los pulmoncs, higado, bazo y silio dc 
inoculacidn rcveld que las inyccciones diarias de cstrcptomicina a dosis dc 20.0, 
6.0 y 4.0 mg. eran igualmentc cficaces para cambiar dramdticamente la enfermc- 
dud de ilimitada y cn vins dc agravacidn a no progresiva. No hubo datos 
microscdpicos dc que las inyccciones diarias dc 20.0 d 6.0 mg. fueran mfis benofi- 
ciosas quo. las dc 4.0 mg. El emploo dc 2.0 mg. diarios sdlo obtuvo una altera- 
cidn incompleta de la fasc progresiva, encontrandose focos residualcs de aclividad 
cn los bazos de la mayor parte dc los animales a.sl tratado.s cn contraposicidn 
a la falta de lo-^ione.s activas cn lo.s tratados con dosis mayorcs. 

En el pcgundo experimento, .<c inicid cl tratamiento diario dc dos gnipos con 
0,0 y 2.0 mg., respcctivamente, a los 42 dias do infcclArsclc.s con 0.001 mg. do 
bacilo.s tubcrculoios. La duracidn media del tratamiento fud de 50 y 51 dia.«, 
rcspcclivamcntc. En cstc experimento, lo mismo quo en cl primero, la nd- 
ministracidn diaria de 0.0 mg. dc cstrcptomicina did por resultndo .signos micro- 
scdpicos dc rogencracidn y cicatrizacidn, sin que sc ob.'Crvaran le.sionca tulx'rcu- 
losa.s activas cn cl hfgado, bazo o pulmoncs de ninguno do los animales. Lf> 
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los que recibieron 2.0 mg. diarios de estreptomicina, habia focos activos en el 
bazo de todos los animales, menos 3 . Las lesiones pubnonares y hepdticas f ueron 
mucho menos extensas que en los testigos no tratados, pero la fibrosis y atenua- 
ci6n de la enfermedad fueron menores que en los que recibieron 6.0 mg. diarios. 

Dedficese que una dosis diaria de 2 mg. de estreptomicina solo resultard 
parcialmente eficaz en la tuberculosis experimental del cobayo y puede usarse 
como dosis subefectiva al comprobar el efecto aditivo de otras drogas combina- 
das con la estreptomicinoterapia. 

REFERENCES 

(1) Feldman, W. H., Hinshaw, H. C. and Mann, F. C., Streptomycin in experimental 

tuberculosis. Am. Rev. Tuberc., 1945, 62, 269. 

(2) Feldman, W. H., and Hinshaw, H. C.: Streptomycin in experimental tuberculosis; 

in vivo sensitivity to streptomycin of recently isolated strains of human tubercle 
bacilli and strains of bovine tubercle bacilli. Am. Rev. Tuberc., 1947, 65, 42S. 

(3) Feldman, W. H.: A scheme for numerical recording of tuberculous changes in experi- 

mentally infected guinea pigs, Am. Rev. Tuberc., 1943, 48, 248. 



EDITORIAL 

Pneumoperitoneum 

In 1916 Pinner^ stated that there is no other treatment for pulmonary tubercu- 
losis in wliich competent opinions are so far apart as in the indications for 
pneumoperitoneum. The intervening years and the introduction of a new treat- 
ment, streptomycin, into the picture have not altered the validity of his state- 
ment. This great divergence of opinion regarding the indications, effectiveness, 
and usefulness of pneumoperitoneum continues to exist in spite of the fact that 
well over a decade has passed since the procedure was first recommended by 
Banyai- and since a number of sanatoriums and clinics began to iise pneumo- 
peritoneum in selected cases. 

Morriss* has remarked that the clinical course of a new treatment for tubercu- 
losis is often characterized bj' a slow onset, when recognition and utilization are 
scant, a florid middle period of great enthusiasm, and a later period of parti.al 
disappointment and destructive criticism. There is increasing evidence that 
pneumoperitoneum is now rapidly entering the florid middle phase. Until now 
it has been extremely difficult to judge to what extent this sporadic but spreading 
enthusiasm for pneumoperitoneum is justified. Reports on large groups of 
treated cases were few, and follow-up was generally too brief to pemrit mature 
judgment. 

Recently, several publications (notably the report of Mitchell, Hiatt, McCain, 
Easom, and Thomas, < and the very recent report of Trimble, Eaton, Crenshaw 
and Gourlej'*) have added greatly to the number of cases on which data arc avail- 
able. In the report of Trimble and his associates particularlj*, some fairly long 
terra results have been tabulated. Even in this report, however, one may infer 
from the tables (though this is not specifically stated) that onlj' approximately 
half the cases had been followed for more than two years after the institution of 
treatment. Presumably the average period of obsen-ation after arrest of tuber- 
culosis in favorable cases was considerably shorter. Moreover, of the patients 
who liad had disease arrested and pneumoperitoneum voluntarily discontinued, 
only G had .subsequently been followed for more than two years. Informative 
and valuable as they arc, even careful reports such as these will undoubtedly 
leave the skeptic considerably short of any final convictions regarding the proper 
place of pneumoperitoneum in modem tuberculosis therapy. It is high time, 
nevertheless, that every tuberculosis therapist face the need for a tentative ap- 
prais.al of the procedure. 

It can scarcely be denied that pneumoperitoneum is capable of favorably in- 
fluencing the course of disease in certain •. atients. Like Trimble, I know of no 

' Am. Mnv. TuWrc., 1010. 5|, 5C0. 

» Am. J. .M. S'., 1031, !S2. 300. 

» Am. Rev. Tul>erc., 1012, 45. 01^?. 

‘ .\m. Rev. Tuberc., 1017, 45, 300. 

» Am. Rev. Tutw're., lOlS, 57, 43.3. 
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instance in which a physician has used pnGumoperitoneum adequately on enough 
patients for a sufficient period of tinac and has then discarded it as a procedure 
of no value. The advantages of pneumoperitoneum, especially as compared to 
therapeutic pneumothorax, have been listed by too many witera to require 
repetition here. There is no longer reason to doubt that, in competent hands, 
pneumoperitoneum is a relativelj’’ safe procedure and that serious complications 
are relatively few. Moreover, a logical rationale for its use can be constructed, 
not merely from roentgenographic and fluoroscopic observations regarding the 
affected diapliragms of patients, but also from lung volume studies recently made 
by Wright® and quoted, in part, by Hiatt and hlitchell.^ 

Wright has made several extremely pertinent observations; 

1. The degree of relaxation of pulmonar}’' tissue produced by a given thera- 
peutic procedure is best determined by stud 5 '’ing the effect of the procedure upon 
the lung volume at mid-capacity, i.e., the air content of the lungs at the end of an 
ordinary quiet e.xpiration. It is this volume, not the volume at the end of forced 
inspiration or expiration, which most accuratel}' indicates the usual volumetric 
status of a patient’s lungs during the twenty-four hours of the day. (Trimble 
has similarly pointed out the importance of studjdng the relative position and 
mobihty of the diapliragms fluoroscopically during quiet respiration if the relax- 
ing effect of pneumoperitoneum is to be estimated radiologically. This effect 
cannot be accurately estimated merely from conventional roentgenograms made 
on deep inspiration.) 

2. Tl^en a patient, with or without pneumoperitoneum, changes from the 
erect to the recumbent position, lung volume at mid-capacity is reduced by 25 
to 50 per cent. 

3. In the study of a limited number of cases, Wright found that the effect of 
pneumoperitoneum without phrenic paralysis varied considerably and was some- 
times extremely slight. In general, however, volume at mid-capacity in both the 
erect and recumbent position was reduced by 15 to 40 per cent from that meas- 
ured with the patient in a corresponding position prior to pneumoperitoneum. 

4. Observations on patients i^dth phrenic paralysis and pneumoperitoneum 
were too limited to justify generalizations. In 2 patients with pneumoperito- 
neum, the addition of phrenic paralysis further decreased volume at mid-capacity 
to a marked degree (50 per cent over the expected levels in both positions), 

5. In the cases studied, pneumoperitoneum produced little reduction in 
maximum breathing capacity (not over 10 per cent). 

It may still be debated whether or not relaxation of diseased tissue is the 
principal factor responsible for the beneficial effects of collapse therapy in pul- 
monary tuberculosis. It is a commonly accepted theory that relaxation is, at 
least, a desirable therapeutic objective, and this theory has much evidence to 
support it. Wright’s studies show that relaxation can usually be achieved by 
pneumoperitoneum, and both clinical and physiological observations indicate 

' Unpublished data of Dr. George W. Wright, Trudeau, New York. These data are 
discussed here by the kind permission of Dr. Wright. 

’ North Carolina M. J., 1947, S, 710. 
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that pneumoperitoneum is less likcl.v than pneumothorax to produce serious im- 
pairment of ventilatory fimction, Reasons for tire suggestion, made by Banyai,- 
that a patient be treated in a semi-recumbent position for maximum pneumo’ 
peritoneum effect were never clear or logical. Wright has now m.ade it apparent 
that maximum pulmonarj- relaxation is obtained from pneumoperitoneum when 
the patient is placed in the recumbent position. 

To say that pneumoperitoneum is a useful therapeutic tool is easj'; to resolve 
conflicting opinions and claims bej'ond this point is diflicult. 

It is not yet clear, for example, to what extent pneumoperitoneum should be 
used alone, to what extent it should be used in combination with phrenic paraly- 
sis. At the Laurel Heights Sanatorium, it has been our policy since 1P37 to 
employ pneumoperitoneum almost exclusi\'ely as a supplement to phrenic p.araly- 
sis in carefully selected p.atients. This policy was based on the observation, in 
patients mth phrenic parah'sis, that the addition of pneumoperitoneum almost 
never affected the position of the unparalyzed diaphragm as observed in conven- 
tional roentgenograms, wliile the paral 3 'zed diaphragm u.suall.v rose to a po.sition 
distinctly higher than that observed after phrenic paralj’sis alone. Sometime.^ 
the additional elevation was ver}’’ marked. I am now convinced that the okser* 
vations which led us to restrict the use of pneumoperitoneum to patients with 
phrenic paralysis were inadequate. Mitchell ct ah have pointed out that a 
paralyzed diapliragm, being more roadib' affected, tends to limit the action of 
pneumoperitoneum to that side. Kvidcncc that pnoumoperitonenm alone can 
produce signific.ant relaxation of lung has already been mentioned. Certainly 
one must view with conceni reports that the combination of phrenic p:iral.v.«i.« 
and pneumoperitoneum is likely to produce an excessive incidence of pcnii.nncnt 
diaphragmatic p.ara^'si.s. Experience regarding this hazard i.s not the same in 
all clinics, however, and there can be no doubt (hat phrenic paralysis plus pneu- 
moperitoneum will usuall.v produce a conpidrr.abl}’ greater degree of relaxation 
or collapse of the affected lung than pneumoperitoneum alone. Pneumoperi- 
toneum alone maj' suflicc for mnnj' lesions; it can be cmplo.vcd at times when 
tuberculosis is suflicicntl.v extensive bilaterally to make phrenic paralj'.-Jis unde- 
sir.ablc. Nevertheless, when the principal disease being attacked b\- pneumo- 
peritoneum is unilateral, it .seems only rc.ason.ablc to employ both jihrcnie paraly- 
sis and pneumoperitoneum if the disca.se is .•severe or if pncumojK'ritonemn alone 
has already failed completely to arrc.st it. 

Having conceded pneumoperitoneum its virtues, one .still has re.ason to doubt 
tlrnt it h.TS yet cst.abiishcd its claim (o such extensive and enthusi.astie use .a-s is 
now being accorded it in certain s.anntoriurn.s and clinics. In centen; the 
use of pneumoperitoneum h.as .steadily increased until nn man.v .as one-third or 
even onc-h.alf of all patient.s now receive it. .At the Laurel Heigbt.s .Sanato.dum, 
a ten year experience with pneumoperitoneum h.a.s led to a far more restricted u*e. 
Our use of pncumoporilonctmj m.aj*, imleerl, be much too limited. Nevcrtlwlc*.', 
those of us who .'^til! retain a conservative attitude tov.ani pneuniojx'.ritonc'im 
may point to certain re.a'on.s other than .a inc.-v reluctance to accept the m-.v, 

• Dis. ofchfit.ipsi.r, -tee. 
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The chief danger of pneumoperitoneum lies not in the procedure as such. The 
chief danger lies in the risk that the relative case and safet y of pneumoperitoneum 
and the readiness with which it is tolerated by most patients may lead to e.\ces- 
sive and indiscriminate use. As the indications for pneumoperitoneum are 
broadened to include c.\-tcnsive disease of long standing on the one hand, milder 
and more susceptible lesions on the other, pneumoperitoneum comes increasingly 
in competition ndth other more time-tested forms of therapy. It should displace 
them only if its superiority is cle.ar. I vigorously question, for c.\ample, the 
wisdom of using pneumoperitoneum for acute exudative minimal lesions largely 
for the purpose (as suggesed by Trimble ct al.) of curtailing treatment b}' bed-rest 
to appro.ximatel}" two months. Furthermore, results of pneumoperitoneum are 
relativelj' poor in patients with old fibrocaseous and fibroc.avernous lesions. 
Therefore, unless the patient is a poor surgical risk, it is obviously unwise to elect 
pneumoperitoneum forsuchlesionsmcrely in the hope of avoiding an immediately 
more formidable, but ultimately more effective and more durable, thoracoplasty, 
liven in this era, with its vogue for looking askance at pneumothorax, one ma}" 
often prefer it to pneumoperitoneum in suitable ca.ses. True, the complications 
of pneumothorax arc more numerous. In our own experience, however, an ana- 
tomically good pneumothorax, free of adhesions, is generally more reliable than 
pneumoperitoneum for the closure of cavities, the conversion of sputum, and the 
arrest of tuberculosis. Some of us still place these objectivesabovotheavoidance 
of complications as criteria for succc.ssful therapy. 

"WTiat, then, shall be our tentative appraisal of pneumoperitoneum at this 
time? This is bound to be a somewhat personal matter, influenced, in part, by 
one’s onm case material and experience, and by the attitudes, preferences and 
special skills of the surgeon with whom one works. The following tentative 
appraisal is the one I have reached. 

Pneumoperitoneum is a useful and valuable therapeutic procedure, which is 
relatively safe and wiiich can be well tolerated by most patients. It can often 
be successfully applied when bed-rest alone is inadequate and when pneumotho- 
rax and thoracoplasty are not well suited to theproblem. WHiennot completely 
successful, pneumoperitoneum can usually be abandoned without impairing the 
patient’s suitability for an alternative procedure. An anatomically satisfactory 
pneumothorax or a thoracoplasty is, how'ever, generally preferable to pneumo- 
peritoneum when there is a good indication for one or the other of these proce- 
dures, and when the risks involved are not excessive. 

Pneumoperitoneum is especially valuable in patients wdth active and progres- 
sive exudative or caseous pneumonic tuberculosis, who are too ill for thoraco- 
plasty and in whom the risk of pneumothorax complications is high. Pneumo- 
peritoneum wll often produce sufficient improvement to bring such patients 
successfully to thoracoplasty even when it is inadequate, alone, to produce arrest 
of disease. Pneumoperitoneum also deserves a trial, oftentimes, foUowingunsuc- 
cessful pneumothorax, provided that the extent of disease and the severity of 
pulmonary damage is limited, so that one is reluctant to proceed immediately to 
thoracoplasty. In both these situations, pneumoperitoneum is much more 
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likely to prove effective if the distribution of disease is such as to warrant the 
combination of phrenic paralysis with the pneumoperitoneum. 

Tlic value of pneumoperitoneum is limited in patients with extensive old 
fibrocaseous or fibrocavemous tuberculosis. This is also true when tuberculou.'; 
bronchitis with bronchostenosis or tuberculous bronchiectasis is prominent. In 
such patients, either permanent collapse by thoracoplasty or pulmonary resection 
is usually preferable. ■I\'hen disease of these types is bilateral, so that thora- 
coplasty or resection is not feasible, one can scarcely raise a strong objection to a 
trial of pneumoperitonemn. Clinical improvement is, apparently, often ob- 
ser%'ed. It can hardlj' be e.xpcctcd, however, that pnciunopcritoncum will fre- 
quently produce complete and sustained arrest of tuberculosis in such patients. 

Bed-rest remains the basic treatment for tuberculosis; pneumoperitoneum 
should be used in addition to bed-rest, not instead of it. There would be good 
reason for this statement even if relaxation of diseased pulmonary tissue were the 
sole advantage. The studies of Wright indicate that recumbency usually affects 
lung volume more consistently and to a greater degree than pneumoperitoneum 
does. The effects are additive, however, and a patient with pneumoperitoneum 
will obtain maximum relaxation of lung tissue wlicn he is also recumbent. 

Ktnnv S. nowmrrr, Jk. 



TREATMENT OF TUBERCULOSIS WITH STREPTOMYdN^'^-s 
Response of Certain Subacute and Chronic Types 
KIRBY S. HOWLETT. Jh.. and JOHN B. O’CONNOR 
INTRODUCTION 

In November, 1946, a study of streptomycin in clinical tuberculosis was 
launched at the Laurel Heights Sanatorium. At that time evidence was already 
available from several sources (notably the pioneer work of Hinshaw and his asso- 
ciates (1, 2, 3, 4, 5, 6), the later work of McDermott et al. (2, 7), and the early 
cases observed from thejoint streptomycin project of the Army, Navy, and Veter- 
ans Administration (8, 9) which strongly suggested that streptomycin did exert 
a suppressive and beneficial effect upon certain types of tuberculosis. In patients 
with pulmonary tuberculosis, the lesions most favorably affected appeared to be 
acute exudative tuberculosis of recent origin and ulcerative lesions of the respira- 
torytract. Ingeneral, thetendency of investigators at that timewas to emphasize 
strongly the importance of the fresh exudative component in determining the 
suitability of patients with pulmonary tuberculosis for streptomycin treatment. 

Certainly this emphasis seemed well placed, and patients with fresh exudative 
disease were included in the Laurel Heights study whenever suitable cases were 
found. The results observed in such cases closely paralleled the reported results 
of others. It was apparent from the beginning, however, that the number of pa- 
tients with tuberculosis predominantly of the acute exudative type was limited 
in this institution, and it was further apparent that a considerable mass of infor- 
mation on the effects of streptomycin in such cases would soon be available from 
other sources. 

Accordingly a decision was made to explore the action of streptomycin in cer- 
tain types of tuberculosis which were not of recent origin and to include in the 
study patients with distinctly chronic disease, provided it was of a type which 
was believed to be still potentially reversible. 

A few points should be immediately clarified before action of the streptomycin 
against the particular types of subacute and chronic tuberculosis which have especially 
interested the investigators is discussed. The first is that in no instance was streptomjTin 
therapy directed principally at chronic fibroid, fibrocaseous, or fibrocavemous disease. 
As in other studies, a number of patients in the present series with such chronic lesions 
have received streptomycin for acute “spreads” of tuberculosis. The e-xperience of this 
study is in agreem ent with other reports that streptomycin in such cases is often of 

' From the Laurel Heights State Tuberculosis Sanatorium, Shelton, Connecticut. 

’ This study is part of the Streptomycin-Tuberculosis Research Project of the American 
Trudeau Society, Medical Section, National Tuberculosis Association. The drug was 
generously donated to the Society by Abbott Laboratories, Eli Lilly and Company, Merck 
and Company Inc., Charles Pfizer and Company, Inc., E. R. Squibb and Sons, and the Up- 
john Company. 

’ This study w.as aided by grants from the Dixdsion of Research Grants and Fellowships 
of the National Institute of Health, U. S. Public Health Service. 
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extremely great value as an adjunct to major collapse therapy or to resection, but that it is 
rarely adequate alone for the treatment of the chronic component. 

The present report is concerned not mth the action of streptomycm against associated 
acute disease, nor with its action (or lack of it) agamst chronic fibroid, fibrocaseous, or 
fibrocavemous disease as such. This report is concerned rather with the action of strepto- 
mjoin against other types of subacute and chronic tuberculosis. 

Another matter which merits mention is the use of terms in the subsequent discussion. 
Tlie terms subacute and chronic are used here in their literal sense to describe lesions 
known to have existed, for considerable periods of time prior to the institution of strepto- 
mycin therapy. Tliese terms are not used with implications as to pathological changes. 
In roentgenograms, the lesions to be discussed showed, with few exceptions, little or none 
of the “soft” quality commonly thought to be an indication of predominantly exudative 
disease. The roentgenographic appearance of the densities was, rather, that which the 
writers have come to associate with lesions deemed to be predominantly productive in 
character. It is admittedly difficult to draw such inferences from roentgenograms with 
accuracy and such attempts introduce to a major degree the element of personal 
judgment on the part of the observer. Some clinicians who have reviewed the records 
of these patients with disseminated lesions have felt that the demonstration of marked 
clearing in serial roentgenograms during and after treatment constitutes evidence, in 
retrospect, that the lesions were actually exTidathTj. Other clinicians have preferred to 
designate all lesions w’hich subsequently cleared as subacute, thus avoidmg the term 
chronic for these cases. The writers prefer to leave all pathological inferences to the 
pathologist and in the subsequent discussion will merely describe the roentgenographic 
appearance of the lesions and indicate their duration. Tire reader may, if he wishes, draw 
his own conclusions from the roentgenograms of illustrative cases reproduced below. 

A discussion of whether a given lesion is subacute or chronic is largely in the realm of 
semantics. To divide the lesions into subacute and chronic categories would be both 
arbitrary and useless, especially in view of the fact that, in many cases, the various 
increments contributing to the total disease present were known to differ considerably m 
age. The term subacute wnuld seem proper when the observed and known duration of 
the principal disease wns appro.ximately six months or less; but vsiien tuberculous disease 
passes its first birthday and enters its second j’ear it is well along on the road to clrronicity. 
Lesions of various ages are grouped together in the discussions which follow. 

CLINICAL OBSERVATIONS 

Tracheobronchial disease 

Tw'o types of subacute and chronic tuberculosis wall be the subject of passing 
comment only. The excellent response of ulcerative tuberculous bronchitis and 
laryngitis to streptomycin therapy has been reported bj”- others (5, G, 10), and 
was also observed in this study. 

Among the patients with ulcerative tuberculous bronchitis are tw^o who are 
noteworthy. The ulcerative endobronchial disease had fluctuated in extent and 
had persisted under repeated observation in one patient for more than fivm years, 
in the other for more than two and one-half years, prior to treatment with 
streptomycin. The lesions w'ere observed to heal within nine and four w'eeks, 
respectively, after the institution of streptomycin, and both w’ere still healed 
w'hen observed nine months later. In another patient, an old and recurrently 
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active tuberculous laryngitis of ten years’ standing had shown steady progression 
with eventual ulceration during the six months prior to streptomycin therapy. 
Response to streptomycin was dramatic, with rapid healing of the ulceration, and 
with gradual return to an essentially normal appearance by the end of four 
months of treatment. The larynx has remained healed during the year of obser- 
vation since streptomycin treatment was terminated. 

Cavity Closure: Among the patients with cavity were six with single or multiple 
round, thin-walled cavities which were not associated with dense conglomerate 
or fibrous disease. The cavities had increased in size or remained imchanged 
during six months or more of observation at bed-rest prior to streptomycin 
therapy. Under treatment with streptomycin, all cavities appeared to close in 
four patients. In the other two patients, cavities became markedly reduced in 
size but never closed. It is believed thatthese were “blocked” or tension cavities, 
and, as suggested by Muschenheun and his associates (7), the principal action 
of the streptomycin in these cases was probably exerted on tuberculous involvement 
of the draining bronchi. In two of these patients, cavities which appeared 
closed for a time subsequently reopened; the cavities which had only become 
smaller subsequently increased in size again. On the basis of the experience 
with these and other “tension” cavities, it appears that streptomycin alone will 
only occasionally accomplish permanent cavity closure when bed-rest has failed. 
Streptomycin may, however, be an extremely valuable aid to the closure of such 
cavities by collapse therapeutic procedures. 

Subacute and Chronic Pulmonary Tuberculosis 

The subsequent discussion will be devoted to a more detailed presentation of 
the results observed in two types of subacute and chronic pulmonary tuberculosis. 
As mentioned above, the patients in these two categories constitute only a part 
of the patients included in the entire streptomycin study, the results of which are 
reported elsewhere (11). 


“Grumblers” 

The term “grumblers” has been employed to describe in a word a special group 
of truly chronic cases of pulmonary tuberculosis which have been subjected to 
streptomycin therapy. The “grumblers” are patients whose disease had always 
been limited in extent, or whose previously more extensive tuberculosis had im- 
proved quite satisfactorily up to a point. Hence, both roentgenologically and 
clinically the status of all appeared favorable. Nevertheless, all the patients in 
this category had been unable to stabilize and arrest their disease completely, in 
spite of long, often multiple, periods of sanatorium treatment, and in spite of 
trials of phrenic paralysis and pneumothorax when these had seemed to be indi- 
cated. Instead, sputum or gastric contents from all these patients had con- 
tinued to be positive for tubercle bacilli on most examinations, and recurrent epi- 
sodes of minor instability of disease, as determined by roentgenograms, had been 
the rule. 

Except for the readiness with which tubercle bacilli were found, these patients 



142 


HOWE/ETT AND O’CONNOR 


appear to correspond clinically to some of the patients mth “indolent” tubercu- 
losis described by Gloyne ( 12 ). In the majority of the present series, residual 
pulmonary disease was bilateral in distribution. One patient had a recurring 
small ca%’ity which was present when treatment with streptomycin was started; 
in the remainder, no definite cavity could be outlined even with planigrams. 
Several patients had had tuberculous endobronchial lesions observed at one time 
or another, and in thi-ee patients such lesions w^ere present at the start of strepto- 
mycin therapy. In no case, howwer, could the entire “grumbling” course of 
disease be explained on the basis merelj’- of chronic ca-vity or persistent visible 
endobronchial disease. Two t3T)ical cases reported below serve to illustrate the 
type of patient included in this category. 

The total period of observation of indi\idual patients prior to streptom3'’cin 
treatment ranged from one and one-half to twenty years. Some patients, how- 
ever, had made an apparently good recovery at first, onl3^ to relapse later into 
the “grumbling” corirse. More pertinent, therefore, is the period during which 
this persisten% “grumbling” course of disease had been observed. In no case 
had this status axisted less than one 3'ear, in most patients it had existed more 
then two 3^ears, and in two patients it had existed more than ten 3fears. 

It was decided to explore the potentialities of streptomycin in this group of 
patients for three principal reasons: 

( 1 ) They present a serious problem of chronic invalidism which was not being 
satisfactorily resolved by conventional methods of therap3x 

( 2 ) The incidence of the problem is significant in a sanatorium treating chronic 
tuberculosis. 

( 3 ) It was believed that the “grumbling” course of disease, at least in some 
patients, might well be due to chronic endobronchial tuberculosis be3''ond the 
range of bronchoscopic \’ision. As in other patients streptom3’'cin had already 
demonstrated a striking effectiveness against active 'visible endobronchial lesions, 
even when these w^ere quite chronic, trial of streptom3’-cin for these “grumblers” 
appeared rational. 

Clinical and roentgenologic course of “Grumblers"’ under chemotherapy: Eleven 
patients in this categor3’' have now’ been treated with streptom3’cin, and observed 
for six months or longer since the begi nn i n g of streptomycin treatment (four and 
one-half months or longer since the end of treatment). The period of observation 
from the beginning of treatment has varied from six to thirteen months. Two 
of the patients received 2.0 grams of streptom3'’cin dail3'' for one hundred and 
twenty da3’s, one patient received 2.0 grams dail3’ for sLxt3’-two da3’s, eight pa- 
tients received 1.0 gram daily for fort3’'-two da3’'s only. The status of all these 
patients, both S 3 'mptomatically and by roentgenogram, was either fairly good or 
very good even before treatment. Hence clinical improvement has been slight 
to moderate only, and in no case has improvement by roentgenogram been more 
than slight at any time e.xcept in the one patient with ca-vity who obtained cawty 
closure. Even so, distinct improvement, characterized by an improved sense of 
well being, gain in weight, and reduced expectoration, has occurred in eight of the 
eleven patients, and definite “hardening” and retraction of some of the densities 
seen in roentgenograms has also been observed in eight patients. 
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Obviously, definitive evaluation of streptomycin in patients vith such chi-oni- 
cally unstable tuberculosis cannot be made tliis soon. Tentative evaluation is 
best based, at this time, on the status of sputum and gastric contents. 


TABLE 1 

Sputum status of “grumblers” 
(May 1, 1948) 


PATIENTS 

OBSER- 

VATION 

PERIOD 

IN 

MONTHS 

SINCE 

START- 

ING 

STREP- 

TOMYaN 

OBSER- 

VATION 

PERIOD 

IN 

MONTHS 

SINCE 

STOP- 

PING 

STREP- 

TOMYQN 

SUMMARY OF FINDINGS IN SPUTUM AND GASTRIC CONTENTS 
SINCE START OF STREPTOMYCIN, (tNCtUDlNG NUitBER OF 
POSITIVE AND NEGATIVE REPORTS BY V^VRIOUS METHODS 

OF EXAMINATION)* 

PRESENT STATUS OF 
SPUTUM AND GASTRIC 
CONTENTS* • 

H. P. 

13 

11 

Consistently -f 2 months; then neg. (15 S, 6 
C, 2 G. P.), but -with isolated -|- reports 
(1 S, 3 C, 1 G. P.) 

ATeg. 4 months 

M. H. 

13 

9 

Consistently + 1 month; then consistently 
ncg. 8 months (19 S, 14 C, SG. P.), then 
relapse and again -f 

Consistently -b 

A. S. 

13 

9 

Consistently -b 1 month; then consistently 
neg. 12 months (21 S, 15 C, S G. P.) 

Neg. 12 month 

M. B. 

SI- 

7 

Consistently -f 1 month; then neg. 7 months 
(7 S, 2 C, 1 G. P.) except for 1 isolated -f 
spec. (S <fe C) 

Ncg. 4 months 

E. G. 

SI- 

1 

7 

Consistently -j- 1 month; then ncg. 7 months 
(5 S, 4 C, 2 G. P.) except for 1 isolated -t- 
spec. (S & G. P.) 

Neg. 3 months 

M. G. 

SI 

7 

Consistently -b throughout | 

Consistently -b 

C. P. 

SI 

7 

Consistently -b 11 months; then consistent!}^ 
ncg. 3 months (4 S, 2 C, 2 G. P.) ; tlicn re- 
lapse and again + 

Consistently -b 

T. V. 

SI 

7 

Consistently -b 4 months; tlien neg. except 
for 1 spec, (-b S, ncg. C) 

Neg. 2 months 

C. C. 

0 


-b by 1 C only since start of treatment; 
otberwlsc neg. (7 S, 2 C) 

Neg. 3 months 

A. P. 

G 

•11 

Consistently ncg. since start of treatment, 
(7 S, 5 C, 1 G. P.) 

Ncg. G montlis 

s. s. 

G 

41 

-b 1 month; then consistently ncg. (7 S, 4 C, 

1 G P.) 

Ncg. 5 months 


* Ivey: S = Sinc.ar of concentrated sediment. 

C ~ Culture 

G. P. Guinea pig inoculation 
+ = positive, ncg. = negative. 

C and G. P. of specimens obtained within last month not yet reported. 

Bach nologic course of “Grumblers” under chemolherajni: In all eleven pati(‘nfs. 
the .sputum or gji.slric contents were positive by smetir for tubercle bacilli (eon- 
firmed by culttire) prior to .streptomycin treatment. Table 1 records the find- 
ings during and after treatment. If has been the usual i)racfice to obt.ain siieci- 
mens of gastric, contents for examination periodically a.s soon as sputum br'came 



144 


HO'mbETT AND 0 ’CONNOR 


either unavailable or negative once or tvice by smear. Nevertheless, examina- 
tions of the sputum were continued as well so long as expectoration continued. 
After treatment was started, most specimens of sputum and all specimens of gas- 
tric contents were cultured. In addition, a number of specimens were also inocu- 
lated into guinea pigs. A specimen of sputum has been called positive if acid-fast 
bacilli were found b}’’ either smear, culture, or guinea pig inoculation. A speci- 
men of gastric contents has been called positive if either culture or guinea pig was 
positive. Occasional!}'' acid-fast bacilli were found in gastric contents by smear, 
but tubercle bacilli could not be demonstrated by either culture or guinea pig 
inoculation of the same specimen; such smears have been excluded from the data 
in table 1. 

It may be seen in table 1 that really complete and sustained sputum com''ersion 
has been achieved, thus far, in only a few patients. In one patient, the sputum 
has remained consistently positive throughout the entire observation period. 
Two patients, after eight and three months, respectively, of consistently negative 
sputum and gastric contents, subsequently relapsed. A cavity reopened in one 
and a small spread of infiltration appeared in the other. The sputum of both 
patients again became positive for tubercle bacilli. The remaining eight patients 
have had var}dng periods of negative sputum and gastric contents, and have 
maintained or further improved their favorable clinical and roentgenographic 
status during the observation period since treatment was stopped. In several 
however, the observation period with sputum negative is relatively short, with 
the most recent cultures not yet reported; in several others, longer periods during 
which negative reports were the rule liave been marred b}' the recurrence of at 
least isolated positive reports. 

It should be realized, however, that in the streptomycin treated patients the 
search for tubercle bacilli has generally been far more frequent, and that exami- 
nations b}'- culture and guinea pig inoculation have been made much more often 
since streptomycin was administered than before. In contrast to the data re- 
corded in table 1, tubercle bacilli were readily and regularly found, prior to treat- 
ment, by routine monthly smear of concentrated sputum in nine of these “grum- 
blers”; onl}'' two required e.xaraination of gastric contents, and none required 
culture except for confirmation and for sensitivity tests. There is little doubt 
that streptomycin has produced, at least temporarily, a distinct improvement in 
the clinical course and in the sputum status of most of these patients. Wiat 
remains to be determined is whether or not relapse, which has already occurred 
in two patients, will eventually prove to be the rule. 

The results observed thus far are certainly not adequate to justify the routine 
use of streptomycin therapeutically in cases of this type. The chronically active 
couree of disease in the group as a whole has, liowei'er, been sufficiently influ- 
enced to suggest the desirability of studying more patients of this type on a 
purely cxploratoiy basis. Especially in patients with such chronic disease as 
this, much longer follow-up uill be necessaiy before the definitive value of strep- 
tom}'cin can be deteimined. 
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The follomng two cases illustrate several of the points made in the preceding 
paragraphs: 


CASE REPORTS 

Case 1, A. S., was a 3S-j’ear-old white female. The roentgenogram (figure 1) shows the 
limited amount of bilateral pulmonary tuberculosis visible just prior to streptomycin 
treatment in a tjpical “grumbler”. Firet seen in 1927, tliis patient had originally had 
much more extensive disease which had been treated between 1927 and 1931 with pneumo- 
thorax on both sides, with aijparently good results. For the ten year period between 1936 
and March 31, 1947 (when streptomycin was started), the appearance of the disease in 



Fig. 1. Case 1. March 13, 1947. Shortly before start of streptomycin treatment. 

roentgenograms had, except for recurrent minor instability, been much the same as that 
shown in this film. Nevertheless, sputum had been consistentlj’’ positive for tubercle 
bacilli all this time and e.xacerbations of sjunptoms, including hemoptysis, had occurred 
several times. The patient had been readmitted to the sanatorium four times and had 
spent a total of six years within the sanatorium since 1936. Both bed-rest and right 
phrenic paralysis had failed significantly to influence the chronically unstable course of 
disease. A visible endobronchial lesion, present in 1940, had been reported healed after 
the end of that year and was not present when treatment with streptomycin was started. 
No definite ca-vdty was visible. 

Following treatment with streptomycin for one hundred and twenty days (2.0 grams 
daily) the improvement obseiwed by roentgenogram in this case was minimal, but symp- 
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streptomycin, there had occurred insidious slight mcreases of the disease in both upjxjr 
lobes (figure 2B). Because of the “grumbling” nature of the disease, streptomycin therapy 
was begun on ]\Iarch 31, 1947, and was continued for sixtj'-two daj-s (2.0 grams daily). 
StreptomjTin was then discontinued because of troublesome chronic skin rash, which 
subsided completeh’ after chemotherapy was stopped. Eoentgenograms at the end of 
treatment showed slight clearing, and further slight clearmg has occurred during a ten 
month posttreatment period (figure 2C). The patient’s clinical status is definitely 
improved. Sputum became negative after completion of treatment and is negative by 
recent smear and culture. True sputum converaion is, however, uncertain in this case 
(H. P., table 1). A specimen of gastric contents obtained m December, 1947, was positive 
for tubercle bacilli by culture. In cases such as this, more time will be required to de- 
termine whether the eventual outcome will be true arrest of disease, or relapse and 
reversion to a chronically active and unstable status. 

Disseminated Nodular Pulmonaiy Tuberculosis 

Several investigators have noticed that good response of pulmonary tuberculo- 
sis to streptomj’cin is more lilcelj' to occur if the individual densities seen in 
roentgenograms are relativel}' small and disseminated iii character than if the 
lesions are grossl.y confluent and massive. The excellent response of dissemi- 
nated lesions was noted, in fact, among the very early cases treated by Hinshaw. 
(3, 4). In the cases which had been reported prior to the inauguration of the 
present study, howe\'er, the disseminated lesions were either knowii or presumed 
to be of relativel 3 ' recent origin, for emphasis upon choosing acute lesions for 
treatment was strong at that time. In the present stud.v, it was decided to in- 
clude, also, patients with disseminated lesions of longer duration, provided that 
these had failed to respond to bed-rest in the pretreatment period. Tliis decision 
was influenced bj' the fact that the investigators had previously' seen other pa- 
tients with chronic disseminated infiltrations who had responded favorably 
to long term bed-rest and had shown, by roentgenogram, remarkable clearing of 
such lesions. Hence, it was believed that these lesions were potentially reA'crs- 
ible, even when chronic. 

The patients included in this category had disseminated nodular infiltrations 
which differed considerably in total extent. There was some variation, also, in 
the size of individual nodules and in their degree of confluence. In the typical 
case the individual nodular densities were relatively small, and were finely dis- 
tributed throughout the involved lung segments, with confliiejice of lesions at a 
minimum. In addition, many of the patients had localized collateral disease of 
other types (for example, chronic focal infiltrations or cavity), but it was against 
the disseminated nodular lesions that streptomycin was principally directed 
(cases 4 and 5). 

At the present time, fifteen patients in this category have been treated with 
streptomycin and observed for a period of four and one-half months or longer 
from the beginning of streptomycin treatment (three months or longer from the 
end of treatment). In none of these patients was the disease improving at bed- 
rest prior to treatment with streptomycin. In only two patients had the 
disseminated nodular lesions been actually observed for Ic.'^s than six months. 
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received 1.0 f:r,ain daily for (2 day.-. ’I’lie jiatienls reeeivitip; tlit' l.aiyer do.-e.- were 
treated fir-(; ‘-tilt-etinently the 1.0 pram dtiily tlo-e was employed. 

( oursi of tlissriiiiiinlt /I noihtlnr tiibr rciilosis intdir chriiwtlirrapi/: All fifteen pa- 
tients have sliown distinct improvement, holh elinie.ally and roenlf:enop:raphi- 
eally, during the observ.ation period since streptomycin wjis slat ted d'iie degree 
of improvement luis, liowever. vtirietl eonsirleniiily in diffta'cnt ptitient.s. The 
results of treatment tire stimmarizeti in table 2. (’linietil improvement wtis neees- 
.-arilv limited in many of tliese patient- heeau.-e most of them were in ftiir to good 
clinical condition even before treatment with .-treiitomyein. In tissessing overall 
improvement, major weight was given to the change observed on tlie roentgeno- 
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grams, but consideration. ■\vas also given to a patient’s age, race and sex, liis pre- 
vious course, and the alteration in prognosis achie'ced as a result of streptomj'cin 
treatment. In tabulating sputum status, the same standards and criteria obtain 
as were mentioned in the previous section on “grumblers”. Of the four patients 
ndth sputum still positive, three have definite residual cavities as the source, the 
other has questionable cavity. 

Roentgenographic clearing: l^diile the foregoing data are of interest, the clear- 
ing of the disseminated nodular infiltrations observed in serial roentgenograms 
(and recorded in table 2) constitutes the most important and accurate criterion 
for judging the effect of streptom}'cin in patients of this group. 

In determining how to score the clearing observed in a given patient, it was 
decided to take into account both the extent of the disease present before treat- 
ment and the degree of clearing observed after treatment was instituted. The 
clearing recorded represents that which occurred during the entire period of ob- 
servation since treatment was started. A tabulation of clearing observed at the 
end of treatment is deliberatety omitted because the clearing observed at forty- 
two da 3 ’-s provided a ■\’'eiy poor index to the total clearing which eventuall}' oc- 
curred. A striking example of this is Case 6, who showed virtually no improve- 
ment at the end of her forty-two daj’-s of treatment, but whose disseminated 
lesions then cleared steadilj' until thej' had almost completeh' disappeared in 
roentgenograms made at the end of nine months. As would be anticipated, the 
patients treated for one hundred and twentj’ da 3 ’’s or longer generally showed a 
greater amount of clearing at the end of treatment, but even tliese patients have, 
without exception, continued to show further clearing of the disseminated densi- 
ties since treatment was terminated. So far as can be judged from such a small 
series of patients, there appears to be no consistent difference in the total amount 
of clearing eventuallj* observed in the patients treated with 1.8 to 2.0 grams of 
streptomycin dail}' for one hundred and Uventy (or one liundred and fift.v) da.vs 
and in those treated with 1.0 gram daity for fort,v-two da.vs onl.v. Likewise, 
rapiditj’^ of clearing appeared to be comparable on tlie two streptom.vcin regimens. 

The rate at which roentgenographic clearing of tlic.se lesions has occurred has 
differed considerabl.v in individual patients. In all of these patients clearing has 
been distinctly' slower than that commonly seen in fresh exudative lesions treated 
with streptom.vcin. Beginning improvement and reversal of a jireviously jiro- 
gressivo trend has, however, usually been quite prompt. In general, the older 
lesions have cleared somewhat more slowlv and somewhat Ic.-^s completel.v than 
the 3 'ounger lesions, but the difference has not always been as great as had been 
expected (see Cases o and G). A most surprising feature has been the rapidity 
and completeness of clearing of many densities known to ha\’c been present for 
more than a .vear. 

Especially among the older lesions, clearing has been distinctly more rapid and 
more complete when the individual nodular dcirsities were quite small and dis- 
crete than when they were, relatively, larger and more confluent . Even very old 
chronic lesions may sometimes be affected, however. One patient who was 
treated principally for widely dis.seminated fine nodular disease, which bad .slowly 
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increased during the previous year, had also very chronic tuberculosis in both 
upper lobes. This consisted of old linear and irregular nodular densities of 
various sizes, some of which had been present and recurrently unstable for years. 
Streptomycin treatment resulted not only in virtually complete disappearance 
of the newer finely disseminated lesions, but also in partial (though incomplete) 
clearing and in “hardening” of the old nodular densities which had been present 
for more than ten years. 

In referring to the clearing or to the disappearance of these lesions, the descrip- 
tions are made in roentgenographic, not. in pathological, terms. In man}’' in- 
stances, the clearing has been sufficiently rapid and complete to suggest that 
actual resolution may well have played a part. Certainly retraction with pro- 
gressive decrease in size of the individual nodules has also been prominent. For 
many of the nodular densities, small persistent and presumably permanent resid- 
uals are still quite apparent; for others, these residuals cannot be seen, probably 
because they are simply too small to cast a detectable shadow in roentgenograms. 

During the period of observation thus far, no instance of relapse of the dissemi- 
nated nodular disease has occurred. In one patient, an associated cavity, which 
decreased in size during treatment, has subsequently increased in size, but 
the associated widely disseminated nodular disease has continued to improve 
(Case 5). Except for this incident, all patients have continued to show progres- 
sive improvement, both clinically and roentgenographically, after treatment with 
streptomycin was completed. 

The following case reports constitute representative examples of the type of 
result observed. 


C.V.SE REPORTS 

Cose 3, L. E. (figure 3), was a 22-j'ear-old white female who first entered the Cedarcrest 
sanatorium in April, 1946. Sputum contained tubercle bacilli; there was cough, expecto- 
tion, and low grade fever. Eoentgenograms showed disseminated nodular and small 
conglomerate infiltrations throughout both lung fields (figure 3A). On a regimen of strict 
bed-rest for six months there was some clinical improvement, but serial films showed 
instability with overall progression of disease bilateralljn Upon transfer to Laurel Heights 
on November 1, 1946, for treatment of the progressive disseminated disease, the patient 
became extremely ill. A film on admission confirmed the continued further progression 
of the disseminated pulmonary disease and demonstrated, also, the development of an 
acute pleural effusion on the right (figure 3B). Bronchoscopy revealed no evidence of 
tuberculous bronchitis. The pleural effusion was confirmed by thoracentesis of 250 cc. 
of clear fluid which was negative upon culture for tubercle bacilli, but which was typical 
in appearance of tuberculous effusion. Being extremely dyspneic, the patient was placed 
on oxygen therapy, and streptomycin therapy (l.S gram dail}'-) was started on November 
6, 1946. 

Sjmptomatic improvement promptlj’- followed; with rapid complete clearing of the 
pleurisy within a week, with onlj’- low grade fever after the tenth da}’, and with tempera- 
ture entirely normal after the sixtieth day of treatment. Further clinical and roentgeno- 
graphic improvement was gradual but steady during the one hundred fifty days of treat- 
ment. At the end of treatment, sputum was negative for tubercle bacilli and there was 
very striking clearing of the e.xtensive disseminated fine nodular and conglomerate disease 




Fig. 3.V. Cusp 3. April 25, HUG. Pi.x month?: prcrcdiiiK .«irpptoinyt'iii trpiilmpiit. 
Fig. 31i. Ca^o 3. Novpml'or 1, HUG. Just hcforo start of strpptonuxio trcatiuPiit. 

152 



154 


HO'W'LETT AND O’COXXOR 


(figure 3C). On continued sanatorium treatment, sinitum and gastric contents have 
remained negative except for isolated positive sputum cultures in July and Novemlx'r, 
1947. During the seven months after completion of streptomycin treatment, there was 
some further clearing in serial roentgenograms (figure 3D), and this improved status has 
been well maintained to the present time (hlay 1, 194S). The patient is now beginning 
outside walking exercise. 

The subacute disseminated disease present in this case prior to treatment was 
more active clinicalh^ and the size of individual densities was more irregular and 
less uniform than in most of the patients in this disease category. 

Case 4t (figvire 4), was a 21-year-old white female. Onset of definite pulmonary 

symptoms occurred in this patient around February, 1946, but a diagnosis of jmimonary 
tuberculosis was not made until api)roximately six months later. On admission to the 
Undercliff Sanatorium in August, 1946, roentgenograms showed disseminated small 
nodular infiltration throughout both lungs, with three thin walled cavities present; two 
on the right, one on the left. The patient failed to improve at bed-rest and was trans- 
ferred to Imuiel Heights for inclusion in the streptomycin study. .V new film, made on 
Xovemher 11, 1946, the day streptomycin was started, showed no change when com- 
pared to the -\ugust film except for the enlargement of one of the cavities on the right 
(figures 4A and 4C), Xo endobronchial disease was seen by bitmchoscopy. Treatment 
with streptomycin was continued for one hundred twenty days (l.S gram daily). 

Upon completion of treatment there was marked clinical imprevement , the sputum was 
consistently negative for tubercle bacilli, and a roentgenogram showed marked clearing 
of the disseminated nodular disease (figures 4B and 4D). Also there was complete 
closure of all cavities. Since then there has been further clearing oix serial films ai\d 
sputum and gastric contents have now been consistently negative for ten months. 

This is one of the most striking instances of sustained cavity closure (without 
collapse therapy) observed in the entire series of streptomycin treated cases. 
The clearing of the nodular infiltrations is, however, tyjrical of that observed in 
other patients with subacute and chronic disseminated lesions of this type. 

Figures 4C and 4D were reproduced to larger .scale better to show the nodular lesions 
before and after treatment. In all cases these small densities are, however, hard to 
reproduce in print; the clearing is more apparent ami more striking in tlie actual 
roentgenograms. 

Case .T, E. M. (figure 5), was a 26-year-old white female. During the early weeks of 
treatment by bed-rest, this patient had improved clinically, and .rerial films had sliown 
satisfactory (though inconiiilctc) clearing of soft irregular mottleil tuberculous infiltration 
present in the right upper and lower lobes. .Mter this clearing had taken jilace, the 
appearance of disease on tlie roentgenogram was that shown in figure .a.\. Tiie left lung 
was then clear excciit for a few residual densities at the apex and ba.re. Simtnm iras 
jiositivc for tubercle bacilli. 

Beginning in 1943 there was. however, gradual progre.-sive seeding of both lungs with 
finely disseminated small nodular densities, which increased steadily in numher and in 
extent throughout three and one-half yeara of ob.servation between March, 1913, and 
Xovemher, 1916. ^Yhile the })atient contimied it) be afebrile and while there was further 
clearing for a time in the localized ‘-soft" infiltration, the slowly pn)gressive coun-e of tlie 




I'los. -IC’ ami -U). Cano -1. Lowar half nf left iuiiR roprinliirf'il from riwiitctutcraiii' .••li'a' a 
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disseminated disease was unchecked by bed-rest, by the performance, twice, of temporarj' 
right phrenic paralj^sis, and by a brief trial of supplementaiy pneumoperitoneum. Right 
pneumothorax was not attempted because of previous pleurisy on that side. Sputum 
continued to be consistently positive for tubercle bacilli. The roentgenogram reproduced 
in figure 5B shows an intermediate stage in the development of the widel5'- disseminated 
small nodular lesions. By November 11, 1946, when treatment with streptomycin was 


p ■- 



lie. 5.\. Case 5. Marcli 11, 1043. Three and onc-half years precediriK streptomycin 
therapy. 

started, both lungs were c.xtensively involved mom or less throughout (figurcs oC and oF)- 
Planigrams prior to treatment showed, also, the presence of cavity in the right lower lobe 
ami another cavity, jneviousl}' unsuspected, in the right ajiex. Bronchoscojiy .showed 
uleerative tuberculous bronchitis involving the orifice of the right upj)er lobe bronchus 
and scvcml divisions of the right lower lobe bronchus. 

Ircatmeut of this patient with streptomycin for one hundred twenty days (l.S gnim 
daily) resulted in distinct, though ineomiiletc, clearing of the previoush' jnogressive 
disseminated nodular ilisea.so (figure oD), The eavity in the right lower lobe was still 
jircsent, though smaller; the cavity in the right ajicx could no longer be definitely visual- 
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ized; the ulcerative tuberculous bronchitis had healed; the patient’s clinical status had 
improved. 

During the thirteen months since streptomycin treatment was completed, the cavity 
in the right lower lobe has again increased considerably in size, but serial films have shown 
continued further improvement in the disseminated nodular disease (figures oE and oG) 



I’lO. .'>11. (’aso .luiip 11. 1915. Sevcnieoii inuntlis preceding streptomycin tlicrapy. 


Sputum continues to be cotisistctitly positive for tubercle bacilli. .\ right lower lobectomy 
has bceit rccomtuendcd. 

I'igttics "iF :iud .oG were made frotn tlie re.cutgenograms re])roduced in (igtires ami 
.■)E, rcsiiectively. Tlic.-e la.rger scale rejnnductions serve better to show the small i|i"cmi- 
nated lesions, which ate so hard to icinoduce clearly iti jirittt. 

Cnff G, E. B. ((igttte (>). was a ."0-year-oId white female who wa-- .adtnitteil in Octoicr, 
lOl.a. with minimal linear and ttodula.r infiltratioti in ladh tipj:er lobe^ ami with ic'idii.tl 
jdeurisv with effitsion at the left ba-re. Ttil ercle bacilli weie pte.-ent in ca-tiic content'. 
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After eight months of bed-rest, there was clinical improvement but little change roentgeno- 
graphically except for clearing of the left basal pleurisy (figure 6A). 

Upon further continued bed-rest of thirteen months’ duration, the small nodular 
infiltrations increased gradually and insidiously in both lungs, more so on the left (figure 
GB). There was low grade fever and fatigue. Gastric lavage continued to show tubercle 
bacilli. Bronchoscopy in May, 1946, and July, 1947, revealed no endobronchial lesion. 



I'Hi. TiC. Case X()vcinl)er 1, 1910. Start of streptomycin tlicrapy. 


Beeause of the progressive fine nodular ilisscminated ly]>c of disease, streptomycin 
treatment was started on .Inly G, 1917. After forty-two days of treatment fl.O 
gram daily), eliest films revealed only slight change (figure GC). However, gastric 
Washings no longer contained tubercle bacilli. On continued iK’d-rest in the sanatorium 
du\ing an eight month i)osttreatment ix*riod, there has l)een nnirked further clearing of 
the pn'viously jnogressive disseminated nodular <iisease (figure tlD). (iastric wasliimrs 
have continued t<t 1 m’ consistently negative for tuliercle bacilli. 
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This patient provides an excellent examj^le of the “delayed resolution” usually 
seen in this type of disease. 


Collateral Observations 

Ulccralivc tuberculous bronchitis: (table 3). Unless specific contraindications 
e.xisted, all patients were bronehoseoped prior to treatment.^ If a lesion of (he 



broncliial mucosa was seen. l)ronchoseopy was repeated at interv.als of four tosiv 
weeks until the lesion was <icctne<l healed. Thereafter bronchoscopy was per- 
formed only if indicated by symptoms or if relapse was suspected. 

.\mong the patients with the disseminated type of disease there wiac seven 
with visible endobronchial idcerations prior to streptomycin treatment, t’l)"” 
completion of treatment, the ulcerative lesion was deemcil healed in six patient- 

‘.Ml liri)!>chi>scit[iies were done by Dr. W. <> Ivcllcy. {'liicf Thuracir .SiirK''>a. <’<»i 
iicclirilt TiilKTCiibi'is 
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and improved in one patient . 'J'he lat ter lesion subsc(iuently went, on to complete 

healing. . , 

In the patients whose disease was of a chrome “grumbling character, there 

were three patients with visilile endolironchial ulceration.^. All neie deemed 

healed at the end of treatment. 




Fig. 5E. Case 5. December .3, 1947. Thirteen months after start (9 months after end) 
of streptomycin thcrapj-. 


Thus far, relapse of endobronchial disease has been observed in only one patient 
in either of these two disease categories. Ulceration reappeared in a “grumbler” 
along with relapse of pulmonary disease and recurrence of positive sputum ap- 
proximately four months after completion of treatment. 

Toxic Manifeslalions: (table 4). The toxicity of streptomycin differs in different 
patients, but is influenced, so far as is known, not by the type of disease being 
treated but by the treatment regimen being emploji’ed. The common toxic 




. > 

Fig. oG 

Fio.5Fand5G. Casco. Lower two-thirds of left lung reproduced from roentgenograms 
shown inSCandSE, respectively. Both thoappearunce of disease and the clearing between 
films is better seen. 
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effects of the drug are well known (5, 6, 13, 14, 15). Tlie most important mani- 
festations observed among the twenty-si.\ patients in the two principal categories 
of disease under consideration are listed in table 4. 

Eosinophilia abov'e 5 per cent was a conmion occurrence on regimen A; was 
rarel}' seen on regimen B. All patients were closely followed by audiometrj' and 
in no case was there any significant impairment of hearing. Benal function was 


TABLE 3 

Ulcerative tuberculous bronchitis in jmticnls with disseminated 
or ‘‘{iruinhUng" pulmonari/ tuberculosis 
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TABLE 4 


Toxic reactions to streptomycin in “grumblers” and in patients 
with disseminated nodular pulmonary tuberculosis 
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* In 1 p.iticnt (Case 2) streptomycin was stojipcil at 02 <iay.s because of clironic skin 
rash; in another (Case 3) .streptomycin xv.as continued for 150 day.s insle.ad of 120 day.s. 

*• These patients were still insensitive 8 months after the end of treatment. 

♦•* Caloric response eventually became norma! in all the.M' patient.s 2 to 5 months after 
the end of treatment. 


not significtinlly impaired :i.s determined by blood nonprotein nilrogf’ii ami plie- 
nolsulfonphthalein e.xcretion te.st.s. 'IVansient granular enst.s and (M-c.asion.al 
etyflirocyte.s were coimnonly found in the urin.arv- .sedinu'iit of p.aticnts on reairnen 
A. les.s freipiently when regimen B was employed. 

As svanptoms k a tlisturbed labyrinth, .such ns ataxia :md vertigo, tire the imot 
significant, it is of interest to rejiort that all patients have noted diiuimition m 
severity of svmptonis and some degree of eom]H‘n--ation for lo-- of equilibrium in 
the months following streptomycin treatment, 'fhi- has .venrred de-pite a eori. 
tinned lack of response to caloric tests. Xeverthe!e,-s. the ,-eriou-ne- of thi- di- 
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turbance should not be minimized, especially in patients with disease which 
constitutes no immediate threat to life. It should be pointed out that eight of 
the eleven “grumblers” were on regimen B, which was noteworthy for the low 
incidence of toxic manifestations. The three “grumblers” on regimen A have, 
fortunately, made excellent compensation for their labyrinthine dysfunction. 

Resistant Strains of Tubercle Bacilli:^ The emergence, in many patients treated 
with streptomycin, of strains of tubercle bacilli highly resistant to the action of 
streptomycin in vitro has been reported by numerous investigators (2, 4, 8, 9, 16 
to 22). A consistent correlation between in vitro resistance and the response of 
patients to treatment is difficult to establish, but there is considerable evidence, 
drawn from other patients in the present study (11), and from the reported obser- 
vation of others (7, 16, 17), that streptomycin is very unlikely to exert a favorable 
effect on tuberculosis once resistant strains of bacilli are demonstrated by in vitro 
tests. The practical importance of this phenomenon is, therefore, apparent, 
especially in patients with subacute and chronic tuberculosis such as the ones 
reported here. In none of the group of “grumblers”, for example, was the disease 
immediately life threatening. Hence the desirability of .using streptomycin for 
these “grumblers” would be even more dubious than it is, if it were found that 
the particular treatment regimen employed resulted in a high incidence of pa- 
tients with resistant organisms. Such a patient's infection might then be refrac- 
tory to streptomycin in the event of a more urgent need at the time of some 
future exacerbation of disease. 

Prior to treatment, tubercle bacilli from all patients were found highly sensitive 
to streptomycin in vitro (growth inhibited by 0.5 or 1.0 meg. of streptomycin per 
cc. of culture medium). In the group of “grumblers”, cultures were consistently 
negative after the &st month of treatment in four patients; in the remaining 
seven patients, at least isolated positive cultures have occurred following the 
completion of treatment and have permitted the performance of sensitivity tests. 
In one patient slightly less sensitive organisms appeared (growth inhibited by 10 
meg. per cc. but not by 5.0 meg. per cc.); in all the others, growth was still in- 
hibited by 0.5 or 1.0 meg. per cc. when the organisms were last tested. 

In the group with subacute and chronic disseminated nodular lesions, all cul- 
tures were negative after three to five weeks of treatment in three patients, the 
last positive culture being still highly sensitive to streptomycin in all three. In 
twelve patients, at least one or more isolated positive cultures were obtained 
after treatment was completed and were tested. In six of these patients, organ- 
isms from all cultures still had growth inhibited by 0.5 or 1.0 meg. of streptomy- 

® Sensitivity determinations on tubercle bacilli isolated from our patients and cultured 
at Laurel Heights were made at the Yale School of Medicine by Doctors Joseph Sadusk 
and William Swift (18), and more recently by Dr. Fred Beardsley. At the Laurel Heights 
Sanatorium, all the extensive technical laboratory work required on patients under study 
was performed by Mr. John Vadney and Mr. Hilary Morris. At the Yale School of Medi- 
cine, sensitivity studies were carried out with the technical assistance of Miss Eleanora 
Falco and Mr. Adolph Maruschak. These sensitivity studies were aided by a grant from 
the Fluid Research Fund of the Yale School of Medicine. 
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cin per cc. In three patients one or more cultures contained organisms whose 
gron-tli was inliibited by 5.0 but not by 1.0 meg. per cc; in two patients, one or 
more cultures contained organisms whose growth was inhibited by 10.0 ljuf not 
by 5.0 meg. per cc.; in one p.atient orgjinisms requiring more than 1,000 meg. 
per cc. to inhibit growth eventually appe.ared. This last patient’s organistns 
were still sensitive to 1.0 meg. per cc. at the end oi a iorty-two day course oi 
treatment; the emergence of the highly resistant strain was delayed, occurring 
thirty-two days later, ihll of the three patients ^Yho produced organisms re- 
quiring 10 meg. per cc. or more to inhibit gronlh had gross collateral cavitation 
when treatment was started. In two of these patients, all cavities closed during 
streptomycin treatment; in one spontaneous!}', in the other after thoracopl.n.sty 
was performed. Tlie patient who eventually produced bacilli resist.ant to 1,000 
meg. per cc. still has persistent chronic cavity. 

DISCUSSION' 

There is little doubt that in pulmonar}' tuberculosis really fresh acute exudative 
lesions show the most rapid and complete response to treatment witli 
streptomycin. Tlie mere acuteness of a lesion is, however, neither the only 
criterion, nor always the most important criterion, for judging the }>otcntial 
usefulness of this drug. In the niiters’ experience, for example, acute lesions 
have responded very poorly to streptomycin when they were of a type which was 
already progressing rapidly to extensive caseation. Furthermore, the dilhcult 
therapeutic problems which arise in a typic.al tuberculosis sanatorium more often 
concern patients with predominantly subacute or chronic disease. 

In the present study of streptomycin in clinical tuberculosis, patients with 
certain types of subacute and chronic disease h.avc been included. Of thc.se, 
the two t}'pes which furnish the principal matcri.al for this report are: 

(1) Chronic.ally unstable tuberculosis of limited extent, which has continued 
to be active and to produce sputum positive for tubercle liacilli in s])ite of pro- 
longed treatment by conventional methods. The chronic.ally un.stahle course 
of disease in thc-sc patients cannot be adequately explained on the basis of }kt- 
.sistent visible cavity or bronchoscopically visible endobronchial tuberculosis 
.alone. Tins group of patients h.as been dcsign.atcd n.s “gnimblors”. 

(2) Subacute and chronic disscmin.atcd nodular pulmonar}' tuberculosis, 
which has failed to respond to treatment by l)cd-re.st. 

In the group of “gnmiblcrs”, there is no doubt that streptomycin hn.s prixluccd 
temporar}' improvement in most patients. The principal evidence of this is the 
reduction or elimination of tul>crc!c bacilli in sputum and gastric contents. 
Response has not been imifonn, however, and rc!.ap-e.s have .alro.afiy Ijeen ob- 
served in a small group of patients. It is possible, theoretically, that the 
“grumbling” cotirsc of disease in these patients may have Ihcen caused |)y different 
factor.s (r.p., chronic endobronchial tuberculosis Ik'voiuI the of hroncho- 

scopic vision, tubercular btonclvicctas’?. chronic small foei of cas/‘atinn. chronic 
c.aritv too small to be succo.-.-fuUy u-iialircd in nf.''n(g> no'.;rams). If this is 
so, it is a reasonable theory that response to .«-trept<)mycin may differ rorre- 
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spondingly. This theory is reasonable because, in other patients, visible ulcera- 
tive endobronchial tuberculosis has responded extremely well to streptomycin, 
even when chronic, while clironic caseation and cavitation usually have not. 
The true value of streptomycin in patients of this type remains to be deter- 
mined. In patients vith such chronically unstable disease, a much longer period 
of study and of follow-up will be required before the wide use of streptomycin 
can be recommended for such patients. 

Eesponse of subacute and chronic disseminated nodular tuberculosis to strep- 
tomycin appears to be unequivocal and marked. While the number of treated 
cases on which this opinion is based is relatively small, the evidence of improve- 
ment with streptomycin (in a group in which no patient was improving pre- 
viously) is uniformly apparent, and is usually very pronounced. Moreover, 
withdn the time limits during which these patients were observed, the older 
lesions responded as regularly, and, in several patients, almost as markedly, as 
the yoimger lesions. It appears, therefore, that disseminated nodular pulmonary 
tuberculosis, whether acute, subacute or chronic, must be added to the list of 
lesions observed to be highly susceptible to streptomycin. 

The evidence available from this investigation suggests that streptomycin 
and continued bed-rest may be all that is needed to produce arrest of tuber- 
culosis in many patients vdth these disseminated nodular infiltrations, provided 
collateral caseation or cavity does not exist. If collateral caseous or cavernous 
lesions do exist and make collapse therapy or resection desirable, streptomycin 
may be an e.xtremely valuable adjunct by controlling the disseminated nodular 
component. For example, one patient had extensive cavitation in the right 
upper lobe, but was unsuitable for thoracoplasty because of extensive dissem- 
inated nodular infiltration in the opposite lung which did not respond to bed-rest. 
Thoracoplasty was performed imeventfully, beginning eight weeks after treat- 
ment with streptomycin was started, and produced successful collapse of cavity. 
The dissenunated nodular infiltration cleared steadily during and after the 
operative stages. The patient is now clinically well, and sputum and gastric 
contents have been consistently negative for more than six months. 

Among the patients treated in this study, the emergence of strains of tubercle 
bacilli highly resistant to streptomycin in vitro (uninliibited in cultures contain- 
ing 10 meg. of streptomycin per cc.) has occurred thus far in none of the group 
of “grumblers” and in none of the patients with disease exclusively of the sub- 
acute or chronic disseminated nodular type. This experience is in marked con- 
trast to the experience in patients with caseous or cavernous disease, in whom 
the emergence of resistant strains has occurred in a significant number, even 
when streptomycin was administered for only forty-two days. Among the 
patients with disseminated nodular lesions, the only one who eventually produced 
strains uninhibited by 10 meg. per cc. of streptomycin or less was a patient who 
also had persistent cavity. While this experience is based on a relatively small 
series of patients and may be the result purely of chance, it suggests that the 
risk of climcally sigmficant drug fastness may well be much less in. “grumblers”, 
and in patients with disease exclusively of the disseminated nodular type, than 
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in patients ^rith frank caseation or persistent canty. Until endonce bearing 
on this question is far more adequate, however, it is obviously important to com 
sider carefully before deciding to give streptomycin to a patient in cither of these 
two categories before other suitable forms of treatment have clearly failed. A 
tendency to relapse is a well-known characteristic of chronic tuberculosis, and 
it must still be assumed tentativel3' that streptom3’cin resistant tubercle bacilli 
may emerge in any tuberculous patient treated with streptorax-cin. Chiefly for 
this reason it seems adnsable at present to treat patients in these two categories 
for fort3''two da3's 0013”, on the assumption (not 3'et clearh' proved b3* c.\perience) 
that streptom3'cin resistant strains are likeh* to emerge less frequently. .Uso, in 
this limited experience, patients in these two categories have shown approxi- 
matety as good a therapeutic response to 1.0 gram of streptonwein daib' for 
fort3’'-two da3's as to l.S or 2.0 grams dail3' for one hundred t wen 13* da3's; and the 
toxicit3’' of the smaller dose is decidedl3' less. 

In patients with disseminated nodular disease who require major collap.==o 
therap3’’ (or resection) for collateral ca^*it^’ or caseous lesions, it is important 
that such a procedure be performed relative^' earh' in the course of strcptom3’cin 
therap3’. Otherwise streptom3'cin resistance ma3' occur and the benefits of the 
drug ma3’’ be lost before collapse or resection is performed. From the present 
experience, it is believed that surgcr3’ raa3' be started earh* with confidence that 
streptom3'cin is extrcmcl3' likcl3' to control succcssfull3' the disseminated nodular 
component. 


s^Js^.^r.\nv 

1. In a larger stud3- of strcptora3'cin in various t3'pc3 of clinical tuberculosis, 
certain patients with subacute and chronic disease have lx?cn included. This 
report is concerned -ndth obsciwations on these more chronic lesions. 

2. Tlicrc is evidence, in a von* limited number of cases, that ulcerative lesions 
of the lar3'nx and major bronchi respond very favorabh* to streptom\'cin, even 
when s\ich lesions arc chronic. PrincipalK’, perhaps, through an offeet on 
lesions of the draining bronchus, .streptom3'cin ma3' also favorabh- influence 
“tension” cavities. Sustained ravit3' clos\irc is, however, onh* (K'c.'isionally 
achieved b}' streptom3'cin alone after Ix-d-rcst has failed. 

.3. A favorable cfTect of streptom3-cin has l)ccn observed in a group of p.itients 
with chronically active and unstable indolent pulmonarj' tul>orinilosis of limited 
extent and sovcrit3-, which had not been arrested by long ix-riwls of treatment 
In' conventional means, Pjitients in thi.-? group have iK-en terrnctl “gnimblers". 
Itcsults of strcptom3'cin treatment arc, however, not 3vt .‘•ufiieienth- consistent 
or definitive to ju.stif3' wide u.^e of .^treptonn-ein thenipeutiialh- in thi.s groiip. 
.•\ccur.ite evaluation will require mon' stmK- and a longer [v'riofi of ob-f-rvatinji 
after treatownt. 

4. Streptomycin exerted a con-istent and markrsi cfTect in pnlwnl" wifli 
subacute and chronic disseminate<l no<lubr pulmormrx' tub-rnilo-U. Pi-ex c 
of this typ--- ap5>‘';'.rs to highly su-ceptiide to f-treptomycin. 
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SUMARIO 

Trafamiento de la Tuberculosis con Estreptomicina 

1. En un estudio mds extenso de la estreptomicina en varias formas de tuber- 
culosis clinica, figuraban ciertos enfermos subagudos y crdnicos. Este trabajo 
versa sobre las observaciones realizadas en esas lesiones mds crdnicas. 

2. Hay pruebas, en un mimero limitadlsimo de casos, de que las lesiones ul- 
ceradas de la laringe y los bronquios mayores, aun siendo crdnicas, responden 
muy favorablemente a la estreptomicina. Principalmente, quizds, por su efecto 
sobre las lesiones del bronquio de desagiie, la estreptomicina puede tambidn 
afectar favorablemente las cavernas de “tensidn”. Sin embargo, el cierre sos- 
tenido de las cavernas sdlo de cuando en cuando lo logra la estreptomicina des- 
puds de fracasar el reposo en cama. 

3. Se ha observado efecto favorable de la estreptomicina en un grupo de en- 
fermos con tuberculosis pulmonar indolente y crdnicamente activa e inestable, 
limitada en su difusidn y gravedad, que no habia sido estacionada con prolon- 
gados periodos de tratamiento por los medios acostumbrados. A los enfermos 
de este grupo se les ha denominado “grunones.” No obstante, los resultados 
de la estreptomicinoterapia no son todavfa suficientemente constantes o definiti- 
ves para justificar el empleo terapdutico de la estreptomicina en este grupo. La 
valuacidn exacta engird mas estudio y im periodo mds largo de observacidn 
posterapdutica. 

4. La estreptomicina ejercid efecto constante y decidido en los enfermos con 
tuberculosis pulmonar ganglionar difusa, tanto subaguda como crdnica, Esta 
forma de la enfermedad parece ser muy susceptible a la droga. 
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THORACOPLASTY OPERATIONS UNDER LOCAL 
AND REGIONAL ANESTHESIA 

MANDEL WEINSTEIN* 

Sufficient time has now dapscd to evaluate the results of local and regional 
anesthesia for surgerj’’ in pulmonar}* tuberculosis. At the time this method was 
first presented in 1938 (13), simple local infiltration anesthesia and paravertebral 
block anesthesia were used bj’’ some thoracic surgeons. Simple local anesthesia 
with novocaine has never produced enough anesthesia to permit a painless oper- 
ation. Paravertebral anesthesia has been even less successful because its induc- 
tion requires much e.\perience. Besides, it must be supplemented by infiltra- 
tions locally. However, these types of anesthesia were alwa5’'s reserved for the 
“bad risk” patient, to whom inhalation anesthesia could not be given. In 
thoracic surgerj', the general impression has prevailed that the operative area 
eannot be anesthetized sufficiently to permit a well planned thoracoplasty oper- 
ation. The purpose of the present report is to review the results of the vTiter’s 
method practised over a period of ten j^ears, while at the same time recording 
modifications and additions to the technique previously described. 

At the outset, it must be realized that to be successful any method of local 
anesthesia must be painless. Such anesthesia methods require even less tissue 
handling and trauma during tlie operation than when general anesthesia is being 
used. Even though pain, or the protopathic sense, is obliterated, touch and 
pressure or epicritic sensations may still be present. The persistence of touch 
and pressure sense results in the patient’s feeling any tugging or pulling during 
the operation. Therefore, one must not only block pure sensory nerves, but also 
nerve fibers supplying all the muscles involved in the field of operation. Well 
relaxed muscles will result from such a procedure and e.\posure vdll be facilitated. 
All this causes a minimum of pain to the patient during the operation and creates 
good muscular relaxation, particularly for the removal of the upper ribs. 

ADVANTAGES OF LOCAL AND REGIONAL ANESTHESIA OVER 
INHALATION ANESTHESIA 

Large quantities of inhalation anesthetic gases are not without harm in an al- 
ready diseased and partly functionless lung parenchyma. Most tuberculosis 
patients are already overburdened vath exeessive secretion from tuberculous 
bronchitis, cavitated lung tissue, or bronchiectatic involvement of the lung. The 
ill effects of inhalation anesthetics are both local and general. The local effect 
of an anesthetic gas is one of irritation to these diseased tissues, and the produe- 
tion of an inereased amount of tracheobronchial secretion. On the other hand, 
the general or systemic effect is a stagnation of secretions in the branches of the 
tracheobronchial tree. Deep surgical anesthesia suppresses bronchial muscular 
activity and retards ciliary action, thus preventing good bronchial drainage, 

* From Thoracic Surgical Service of Sea View Hospital, Staten Island, N. Y. 
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The force of gravity when the head is lowered, and suction of the secretions by 
catheter, evacuate the secretions to some extent during general anaesthesia. 
Nevertheless, the absence of a good cough reflex, as in deep surgical anesthesia, 
allows the spread of secretions from these puddles of purulent material to unin- 
volved lung areas. Such "spreads” account for the greatest morbidity and 
mortality in tuberculosis surgeiy. 

Where general anesthesia with an intratracheal catheter is used, much of this 
secretion may be aspirated by the anesthetist during the operation. Tubercu- 
losis of the treachea and larynx is quite common, however, and there is a danger 
of local trauma from the use of a catheter, hforeover, patients with fibrotic 
lesions may present distorted and retracted tracheae, a condition that does not 
permit safe passage of the catheter. 

Another good reason for the use of local anesthesia in tuberculosis patients is 
that such patients have a lowered vital capacity and suffer from varying degrees 
of anoxia. Anoxic states particularly result from contralateral pneumothorax, 
extensive parenchymal involvement, phrenic nerve operations, secondary thora- 
coplasty operations, empyema, bronchiectasis, reexpanded lungs following pneu- 
mothorax, and emphysema. Again, the position on the operating table is in itself 
a factor limiting vital capacity. The operating position is the lateral recumbent 
one, with the good lung lying underneath, thus being compressed. The operated 
side is uppermost and is limited in its ventilation both by the patient’s disease 
and by the operative trauma. 

Unlike general anesthesia, the patient remains consciousduringlocal anesthesia, 
and muscle tonus is still present in the muscles of respiration. This almost in- 
tact respiratory muscle action, by helping to maintain pulmonary inflation, pre- 
vents to some extent any further increase in the patient’s anoxic state. Cyclo- 
propane and other anesthetic gases, by permitting high percentages of oxygen, 
will also overcome anoxia. However, such anoxia returns when the oxygen is 
discontinued at the end of a general anesthesia. 

In brief, local and regional anesthesia should be offered to all operative pul- 
monary tuberculosis patients as the anesthesia of choice, and not alone to the 
“poor surgical risks”. In addition, the following patients who ordinarily would 
not be operated upon may, in this manner, be given the opportunity of chest 
surgery: hypotensives and hypertensives; diabetic patients; those in the ad- 
vanced age group; patients with extensive amyloid disease; and individuals in 
lowered states of nutrition. 

DISTEIBUTION AND FUNCTION OP NERVES TO THE THORAX 

The following discussion will be limited to those nerves supplying the regions 
of the thorax related to thoracoplasty procedures. Most of these are purely 
sensory nerves, but others must be blocked which innervate muscles to be in- 
cised in the operative field. Muscle tissue throughout the skeletal system con- 
tains sensory fibers termed neuromuscular endings or muscle spindles (9, 6). 
First described by KoUiker and by Kuhne, they are regarded as sensory endings, 
probably concerned in affording impressions as to tension, or “muscle sense” 
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(9). They lie within the connective tissue separating the bundles of voluntary 
muscle fibers. The sensory fibers arc connected vdth the neuromuscular end 
organs or muscle spindles, from Avhich the afferent nerves proceed centrally. As 
forcible retraction of the scapula is neccssar 3 >-, obtundation of muscular impulses 
permits free and ensj' exposure bj' relaxing the shoulder girdle muscles. The 
novocaino injections create a local infiltration and a regional intercostal nerve 
block on the posterior aspect of the thorax. To relax complctelj’’ the muscles 


Posterior cutaneous 



Fig. 1. A typical spinal nerve with special emphasis upon the sensory distribution to the 
thoracic wall. 

attached to the scapula, the subscapular and long thoracic nerves must be blocked, 
and they are reached in the axilla. 

The thoracic nerves (figures 1 and 2), are twelve in number and emerge through 
the intervertebral foramina midway between two transverse processes. Upon 
making its exit, each nerve divides into an anterior and a posterior primaiy di- 
vision (7). The latter courses posteriorly to supply the muscles and integument 
of the chest, anteriorly, laterally, and posteriorly. 

The svbscapular nerves arise from the posterior cord and are usually three in 
number. They suppl 3 >- the three muscles forming the posterior boundary of the 
axillary space, namely, subscapularis, teres major, and latissimus dorsi. They 
are only blocked during a first stage thoracoplasty and contribute much to good 
anesthesia. 

The upper (or short) subscapular nerve originates behind the circumflex nerve, 
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and after a short course enters the inner surface of the subscapularis which it 
supplies. 

The long (or middle) subscapular nerve (or thoracodorsalis) proceeds down- 
ward and outward on the posterior axillary wall behind the axillaiy artery. The 
nerve accompanies the subscapularis artery to the deep surface of the latissimus 
dorsi which it supplies. 

The lower subscapular nerve (5) courses distally behind the axillary artery to 
the teres major muscle. It also supplies branches to the subscapularis muscle, 
and ends in the teres major. 



Fig. 2. The sensory innervation of the posterior and lateral chest wall involved in the 
operative wound. 

The ■posterior thoracic (long thoracic, respiratory nerve of Bell) enters the axilla 
and descends on the inner wall, lying posterior to the brachial plexus and the 
axillary vessles and upon the serratus anterior. The nerve gives off successive 
twigs to the digitations of the serratus anterior which it alone supplies. 

The long thoracic, and the subscapular nerv^es must be blocked preliminary to a 
first-stage thoracoplasty. As will be explained later on, all of them may easily 
be reached in the axilla. 

TECHNIQUE 

As mentioned previously, anesthetization must include not only sensory nerv'es, but 
also nerves that supply muscles in the operative field. Preliminary medication should 
be given in sufficient quantity to allay apprehension, but not enough to produce marked 
narcosis, bearing in mind the presen’ation of the cough refle.x. Therefore, on the cvenmg 
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before operation, one Seconal tablet is given (0.1 gram). The morning of operation, two 
hours before going to the operating room, 0.180 gram of Sodium Amytal is given, fol- 
lowed one hour before operation by morphine sulphate, 0.015 gram, and scopalamine 
hydrobromide, 0.004 gram. 

Of late, an important addition has been made to this method of anesthesia. At the 
start of the operation, sodium pentothal is given intravenously in a quantity sufficient 
to create analgesia but not anesthesia. The optimum dosage permits grunting and also 
coughing and coughing efforts. In this waj'- the tracheobronchial tree remains a mobile 
structure that can prevent inundation of the smaller air passages by secretion. Two 
grams of sodium pentothal are added to 1,000 cc. of five per cent glucose in saline, and the 
solution is permitted to flow interruptedlj'’ into the vem in quantities sufficient to quiet 
the patient. A stopcock mechanism controls the amount of flow and shuts off the so- 
lution as soon as the patient manifests signs of becoming drowsy. When the patient be- 
comes restless or too alert, the solution is again permitted to enter the vein. This inter- 
rupted method of admmistering the sodium pentothal is kept up throughout most of the 
operation. However, a poor local and regional anesthesia defeats the purpose as too 
large a quantity of sodium pentothal will be required. Not more than a total of two- 
thirds to 1.0 gram of the drug should be used. This is equivalent to 300 to 500 cc. of the 
solution. This amount of glucose in saline solution plus 1,000 cc. of blood is usuallj’’ suffi- 
cient intravenous medication to last throughout the operation. A cannula is inserted 
into the internal saphenous vein at the ankle, thus assurmg a continuous flow into the 
vein. A “Y” connecting glass tube, or a similar arrangement, permits the bottles of 
glucose solution and blood to flow into the vein singly or together. A continuous flow 
of o.\ygen is mamtained while the patient is on the table, either with the mask of the 
usual anesthesia machines, or, better still, by means of a number 12 French nasal catheter. 
The distance from the nares to the external auditory meatus is measured and serves to 
indicate the depth in the nose to which the tip of the catheter should be inserted. Setting 
the oxygen reduction valve at four to five liters per minute will continously deliver 40 to 
50 per cent o.xygen to the nasopharynx by this simple method. The catheter method is 
preferred because of the ease of administration and the avoidance of contaminating the 
machine. 

Patience and dex-terity in the msertion of the injecting needles contribute a large share 
toward good anesthesia. Needle pomts should be unusually sharp so that the operator 
can gauge the different degrees of resistance of the tissues while passing through varying 
depths. Deep fascia must always be palpated with the needle point before infiltrating 
underlying muscle. The direction of the needle should never be changed unless the point 
is in the loose subcutaneous tissue. Only in this manner can the angle be altered without 
the danger of breaking the shaft of the needle. Intracuticular wheals are to be made 
with the finest possible needle pomt and, if there is any indication of pain, that particular 
area must be rendered anesthetic before proceeding further. 

As regards tissues, the skin is sensitive and the underlying deep fascia and fascia over 
muscles also occasionally give rise to a slight sensation of pain. Muscle tissue is not 
sensitive to pain unless retracted suddenly and roughly, but cutting through a sheet of 
muscle is sometimes accompanied by an unpleasant sensation as the fibers contract and 
wriggle away (12). Periosteum is acutely sensitive, and, due to the overlapping of nerve 
fibers, it is necessary to block one nen^e above and one below the rib to be removed. 
Sectioning of ribs is actually painless if the anesthesia is good. Caution should be ex- 
ercised during the handling of the hear'y instruments so that pressure is not made upon 
the chest, or the patient “shaken” on the table. Even though pain is eliminated during 
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a perfect anestliesia, pressure and touch sense niaj' still be present. The parietal and 
mediastinal pleurae are normally sensitive membranes, but, if anesthesia is complete, dis- 
section of these structures gives no pain (Semb Decollation Technique). 

The plan of the anesthesia is dhdded in two parts. First, an infiltration is made region- 
ally in the axilla to block the long thoracic and subscapular nerves. These supply the 
latissimus dorsi, serratus anterior, and scapular muscles. Then the patient is draped in 
the usual manner, and the nound area is infiltrated. Only in a first-stage thomcoplastv 
is it necessary to block the nerves in the axilla, because of the necessity of relaxing the 
shoulder girdle muscles to reach the uppermost ribs. In second- and tliird- stage thoraco- 
plasty operations, infiltration m and around the area of incision may be accomplished 
after the drapes are prepared for operation. 



Fig. 3. A first stage thoracoplasty operation, preliminary to anesthetizing the operative 
area posteriorl 3 '. The needle passing through the upper point blocks the long thoracic 
nerve supphdng the serratus anterior muscle. The postero-inferior point permits anes- 
thetization of the three subscapular nerves supph'ing the subscarpularis, teres major, and 
latissimus dorsi muscles. 

Upper Stage Thoracoplasty: The anesthesia produced should be complete enough to 
permit removal of three or four upper ribs in full lengths, together with the tips of the 
transverse processes. In addition, it should be possible to remove the intercostal muscles, 
vessels, and nerves, and to perform the decollation procedure of Semb whenever indicated, 
with a resulting drop of the apex of the lung to the level of the fourth rib posteriorh*. 

Novocaine is used as the anesthetic drug m one per cent solution. Epinephrine 
(1:1,000) is added in the proportion of three drops to 30 cc. of novocame, for a greater 
concentration induces rapid pulse, pallor, and the signs of oncoming shock. 

The first part of the anesthetization is confined to the axilla, where mjections are made 
of the long thoracic nerve (which supplies the serratus anterior) and the three subscapular 
nerves. Injection of the long subscapular nerve with nor'oeame anesthetizes and relaxes 
the latissimus dorei muscle; and blocking of the impulses along the upper and lower sub- 
scapular nerves accomplishes the same for the subscapuiaris and teres major. Relaxation 
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of :iU (licso shmildor ):inl!o lo^otlior with tin- .'•crnitiis nnlorior (wliicli ;i|)i)Iic'S 

flio sca!)ul;i MUiuly to iho olu-^t wall), iK'rmit« wide i‘xp<)>iiu* for lomoval of llicjippor rih.s 
when lilt' M-apula is n'inu-tod Ujiwjird and outward. 

)Yith f ho ixationt lyinp on his opjxisito .‘^ido, and prior to dnipinp for ojK-nition, (ho arm 
is hold upwanl and away fn'in the oho.<( oxiMivinf; the inner w.all of the axillary spare. 
Hem lie the (limitations of the sornitns anterior arisini: fioin the npi^or nine rilis. 'J’Jie 
lonm thonieie nerve lies on the lateml asjH-et of this imiodo ffi.mn'C .’I). Palpating with 
the left index fmmer. the iatonil sinho'oof an npixTinost rib at the midpoint of (he axillary 
spare is identirie(I, .An intiaderjnal wheal i-^ lahed prior to (he entninee of a tlm’o-ineh 
needle, (’oiitaet is made dio'otly with (hi- rih. C'ontimiinm (he nse of (lie left index 
llnmor.'is a mnide. fan-shajK-d injeetionsof a one iH'reent novocaine solution .am made .alonp 



I'lo. -J. Wlif-al is raised at point mimlxtr 1. midway heiwcio) the vertebral border of 
(la* scapula and llieinidsjiinons lino, at the l(.‘VcI of the upper se.apnla border. Point num- 
ber 3 is 2 (a'ntiiiK.'lora lielow tla; inferior aiimh? of the .scapula; and point nmnber 2 is mid- 
way between both of these. 

the outer surface of the rib anteriorly and jtosleriorly. the latter tij) to the srapuhi nmseles. 
'J’lie .'dilution infiitmte.« (ho nerve trunk, as well ti.s (he (limitations of (he mtiscle, with 
eont.ained twiirs (hat bianeh off .at ;in tip|H‘r level. 

Tlie long subsr,a])ularand the tii)]X‘r and lower snb'('.'ii)ular nerve.s lying in Ihesubsc.apu- 
lar fo.'is'i arc then blocked. The ;i.\illary border of the .seajttil.a i.s itkmtificd :it idwtit 
its middle and a wheal is mi.md just anterior to its midpoint. A long needle, .ahotit. five 
inehc.s in length, is tnhtmeed in ;i slightly upward direction to make contact fust with the 
anterior surface of the bon}' scapula, in (he sub.‘-cap\il.aris fos.'-a. Then, two or three in- 
jections of novocaine, one iK;r cent, arc made into the suhscapularis muscle itself, thu.s 
ensuring anestlicsia of the fibers of the upjtcr .and lower sub!=cai)ular nerve.s. 

I'orccful i)iTjpulsion of the aim backward moves the scapula further away from the 
chest wall and aids exposure of the axillary space. Injury to the axillary vcs.scls and 
nerves is ixi.^ible but, with the arm e.xtcndcd and abducted, the.re structures recede from 
the chest wall and lie above and ]K)stcriorly, thus a.^suming a direction closer to the arm. 

llic operative area ai-ound the scapula is now prepared and inoperly draped, and the 
arm held .slightl}- forward .so as not to disturb the norm.al lelationship of the scajmla to 
the chest wall. Three wheals are raised with a fine intradermal needle through which a 
long fine three-inch needle distributes one ijcr cent novocaine (figure 4). Wheal number 
one is placed midway Iwtwccn the scapula and midsjjinal line, on a level with the upper 



180 


JUNDEL ■ft'EINSTEIN 


scapular juargin. Tnjeal number three is raised at a point tvro centimetei-s below the 
inferior angle of the scapula. '^Oieal number two is placed equidistant between one and 
three, while the surgeon beam hi mind the curve to be described bj’ the scapular incision. 
Points one, two and three are now connected hi a curved manner with an intradermal 
infiltration, so that the future incision can extend fiom the level of the second doi-sal 
spinous process to the middle axillaiy line. A corresponding anesthetization is made of 
the underlying subcutaneous tissue and musculature, the latter being hijected last hi a 
fan-shaped manner. It must be remembered that the muscles opposite the uppermost 
fourth and fifth ribs are very thick, and the infiltrating needle must pass deeply to anes- 
thetize the entire extracostal muscle mass (1). Using a long needle and with proper pre- 
cautions against penetrating into the pleural cavit3q sei-eral fan-shajied hijections iiiaj" 
also be made anterior to and under the scapula, thus doublj’ ensuring painless retraction 
of the scapula. 

The incision is now made through skin, subcutaneous tissue, and musculature, ex- 
poshig the plane of the ribs. In this region it is now much easier to infiltrate the inter- 
costal nerves after the intercostal spaces have been exposed. When attempting this, as- 
piration should be frequentlj’^ done to avoid penetrating pleura and lung, as well as to 
avoid depositing a large amount of novoeaine in an intercostal vessel. A fine, shorter 
needle carrjnng 2 per cent novoeaine should be used for anesthetizing the nerves. The 
needle is passed through the lateral fibers of the sacrospinalis muscles. About 3 cc. of 
one per cent novoeaine solution is deposited in the region of the posterior periosteum of 
each rib to be resected, at approximatelj' two to three centimeters mesial to the angle. 
No attempt should be made to inject the nerve sheath far posteriorlj’, for fear of the so- 
lution bemg carried to the spine within the covermgs of the cord which end in this lo- 
cation. The needle is then withdraAMi and injected into the external mtercostal muscle, 
making contact with the intercostal nenre. Three cc. of fluid are mjected into this area. 
Posterior to the angles of the ribs, the nerves lie midway between two ribs and not in the 
subcostal groove. Here there is no internal intercostal muscle and the nerve lies I^etween 
the posterior intercostal membrane and the external intercostal muscle. 

Inasmuch as the third rib is removed firet, and so on upward, the sequence of thoracic 
neiwe injections should be from below upward. If the upper three ribs are to be resected, 
the fifth nerve should be injected in the beginning. However, it is easier to block the 
fiist intercostal nerve after the third and second ribs have alreadj’’ been removed. As 
stated previousl}’', this method of anesthesia also allows a Semb decollation after the 
removal of ribs and intercostal bundles, without causmg pain to the patient. 

In a few cases before the development of this method of anesthesia, para\-etebral block 
was tried in an attempt to mfiltrate the nerves before making the incision. However, 
this procedure was found to be less accurate, more time-consuming and accompanied by 
le.ss complete anesthesia. Opinions vaiy, as stated prerdously, as to the necessitj' of 
blocking the neiwes in the axilla, for thej' are usuallj’ described as muscular branches. 
However, bj^ completing the entire technique as above described, better anesthesia and 
more complete muscular relaxation have resulted. Fewer additional injections of novo- 
caine into the tissues are required during the operation, and suppleraentaiy inlialation 
anesthesia never becomes necessaiy. 

Second and Third Stage Thoracoplasty: After a firat-stage thoracoplasty operation, fewer 
problems present themselves for inducing adequate anesthesia. All the tissues on the 
chest wall are less sensitive to pain stimuli than at the time of the firat stage. Severed 
nerve fibera have produced large areas of anesthesia. The anatomical structurc of the 
chest has been greatly altered with resultant muscular atrophy. There is dmntushcd 
vascularization to the parts and abundant formation of cicatricial and fibrous tissue. 
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Moreover, the technique is more simplified because retraction of the scapula is practically 
unnecessary and the troublesome first rib has already been removed. 

The line of incision is well infiltrated with one per cent novocaine and the intercostal 
nerves are injected in the usual manner, including at least one space above and below the 
ribs to be removed. If pain is experienced, especially anteriorly, while denuding and 
resecting the rib at its chondral junction, additional injections of novocaine maybe made. 
The skin scar is always excised. 

Revision of Thoracoplasty; A widespread local novocaine infiltration of the skin is pro- 
duced, as well as the subcutaneous tissues and musculature, with one per cent novocaine. 
In addition, after making the incision by excising the scar, all the intercostal nerve regions 
are infiltrated in the same maimer as previously described. Because of the marked dis- 
tortion of the chest wall from previous operation, more difllculty is experienced in locating 
the thoracic nerve regions in the intercostal spaces posteriorly. The transverse processes 
and posterior rib stumps serve as guides for the regenerated intercostal nerves, the long 
stumps of severed intercostal nerves, and the intact intercostal nerves. The previously 
described method of infiltration of novocaine midway between the posterior portions of 
ribs gives excellent anesthesia for the revision operation. 

Complications and Dangers: The induction of local and regional anesthesia with novo- 
caine and epinephrine in chest surgery entails certain problems particular to this region. 
Special caution should be observed in regard to the amount of novocaine and epinephrine 
used, for the operative area is large in thoracic operations. In addition, it should be borne 
in mind that injections anywhere in the neighborhood of the lesser circulation may give 
rise to fatal air embolism. 

Novocaine and epinephrine toxicity: Throughout all other regions of the body where 
surgical procedures are performed the question of such ill effects does not occur. This 
results from the fact that similar large quantities of these drugs are seldom required in 
order to obtain satisfactory anesthesia. In thoracoplasty surgery for pulmonary tuber- 
culosis, the incision and subsequent operative steps cover a much larger anatomical field 
which requires more anesthetic drug and permits greater absorption. Moreover, ac- 
cording to Labat (7), the rate of absorption is unusually rapid on each side of the vertebral 
column. Where the drug is used regionally to block nerves, the only method of absorption 
is through the circulation. However, where local infiltration is resorted to, there is less 
danger from a large quantity of the anesthetic fluid in the tissues, as the incision and op- 
erative procedure permit a large amount to drain out of the wound during the operation. 

The judicious use of epinephrine requires no comment and, if only 3 drops are added to 
30 cc. of novocaine, there is little danger of overdosage. Epinephrine is valuable in pre- 
venting absorption of the novocaine systemically, thus prolonging its action locally. In 
addition, extensive tissue ischemia is produced in the fascial and muscular layers, thus 
obviating great blood volume loss and necessitating less clamping of bleeding vessels. In 
fact, when general anesthesia was used in the early days of thoracoplasty, it was the 
practice to inject a well diluted solution of epinephrine chloride into the tissues to prevent 
excessive bleeding (4). 

Novocame (procaine) was discovered by Braim (3) in 1905 and is one-third as effective 
and seven to ten times less toxic than cocaine (2). Watery solutions up to 10 per cent 
Imve little local irritating or toxic action on the tissues. It may be sterilized and resteri- 
lized by boiling without any marked effect upon its anesthetic properties. The solution 
becomes yellow when decomposed. It is the safest and best anesthetic for local infil- 
tration. The addition of epinephrine in proportions of 3 drops to 30 cc. of novocaine 
doubles the intensity and quadruples the duration of the anesthesia. 

As for the toxicity of novocaine, it should not be overlooked that large amounts are 
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III tlicnisGlvcs ifOxic* Soilicoclc (2) stutes tli&ii m tliG Gciuli/ 500 cc. of o. onG pGr cGiit so- 
lution may bo injGctGd subcutanoously without evident toxic effect. For thoracoplasty 
operations, Alexander feels that 150 cc. of one-half per cent novocaine solution, and 30 
cc. of one per cent solution is safe. Sauerbruch, who limits himself to 1.9 gmm of novo- 
caine has seen cases of dangerous collapse which he has attributed to novocaine (10). 
However, patients differ in their susceptibility to poisoning from the drug and no state- 
ment can be offered as to vdiat is the maximum safe dose. Tlie following must alwa 5 's 
be borne in mind: (1) untoward results when accidentally injecting into a vein or into 
the subdural space; (S) the toxicity resulting from a decomposed novocaine solution; and 
(S) “novocaine poisoning” due to the use of toxic doses of epinephrine. In case of severe 
local anesthetic poisoning, Emil ISIayer recommends artificial respiration, cardiac mas- 
sage, and the intracardiac injection of 2 cc. of one to ten thousand epinephrine solution 
through a needle six or seven centimeters long (8). 

Air Emholism: This serious accident can usually be avoided by aspuuting prior to in- 
jecting an anesthetic, whenewr the needle is in proximity to the lung or pleura. Tlie in- 
jection of air into the general circulation is usually devoid of any serious accident. Here 
the air is continually absorbed in its travel and, as the blood passes through the lungs, 
it is filtered out before it reaches the coronary or cranial arteries. The actual injection 
of air itself is not necessary to produce air embolism as the sucking action in the venous 
channels, due to the negative pressure of the pulmonary veins, may in itself introduce 
air into this system. Thence, the air travels to the left heart, coronary arteries, and 
cranial or other arteries. 

Schlaepfer (11) found that death could be induced in a dog by the injection of as little 
as one cc. of air into the pulmonary vein. Li cases in which there are adhesions between 
the lung and chest wall, small veins, which empty directly into tributaries of the pulmo- 
nary vein, are frequently present. Schlaepfer also clearly showed the importance of 
gravity in directing the air to the higher centers. If, after the injection of a small amount 
of air into the pulmonary vein, a dog was placed in a semi-erect position, air bubbles could 
be detected in the retinal vessels by opthalmoscopic examination. Death occurred much 
sooner than if the animals were kept in a horizontal position. This indicates the im- 
portance of maintaining the head below the level of the pelvis during a thoracic operation. 
Occasionally the needle will penetrate directly into an alveolus or broncliiole without 
traumatizing a vein. In such instances there are no ill effects as the introduced air es- 
capes up through the bronchial tree. 

The symptoms vary with the location and multiplicity of the emboli. The air floats 
on top of the blood stream and the immediate effects may be convulsions, blindness, and 
positive findings in the retinal vessels. At the first indication of symptoms, the head 
should be lowered immediately, and cardiac stimulation given if necessarJ^ 

POSTOPERA.TIVE RESULTS 104 THORA-COTIASTY OPERATIONS 

In order to evaluate the advantages or disadvantages of local and regional 
anesthesia, a series of 104 thoracoplasty operations has been analyzed. The 
series includes all the private and ward patients operated upon by the writer 
during a ten year period at the four New York City hospitals enumerated in 
table 1. Hence, there is no artificial selection of cases and the types of operative 
procedures are essentially uniform, haidng been performed by the same operator. 
The tjqie and extent of the tuberculosis among private and w'ard patients is the 
same and in New York City it is not at all uncommon to find private tuberculosis 
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patients wlio have been in the wards of charity hospitals, and vice versa. In 
addition, the same indications for operation apply to all patients, regardless of 
the institution. Fortunately for the purposes of this study, there has been an 
almost equal number of private and ward patients, and an almost equal division 
of operations under inhalation anesthesia, and local and regional anesthesia. 

Anesthesia: In table 2 are listed the number of operations performed under 
inhalation anesthesia and under local and regional anesthesia. 

There was an even distribution of these two types of anesthesia, as may be seen 
in table 2. Fifty were performed under inhalation and 54 under local and re- 


TABLE 1 

Total number of operations 


HOSPITALS 

PATIENTS 

i OPESATIONS— STAGES 

1 

i 

1 TOTAE 

OPERATIONS 

1st 

2nd 

3rd 

4tli 

Revi- 

sion 

Queens General 

12 

11 

9 

2 

■ 

■ 

22 

Metropolitan 

12 

10 

9 

6 



; 25 

St. John’s Long Island City 

1 

1 

1 




2 

Boulevard i 

26 

26 

24 

3 


D 

1 65 

Total 

51 

48 

43 

11 

B 

B 

1 104 


TABLE 2 
Types of anesthesia 



OPERATIONS— STAGES 

1 

i 

1 

TOTAL j 

PEE CENT 


1st 

2ad 

3rd i 

1 

4tli 

Revi- 

sion 

Inhalation 

22 

20 

I 

8 



SO 

48 per cent 
52 per cent 

Local and regional anesthesia 

26 

23 

3 

1 

1 

B 

54 

Total 

48 

43 

11 


1 

1 1 

104 

100 per cent 





gional anesthesia. Even though the surgeon performs the local and regional 
block anesthesia, the services of a competent anesthetist are still required to 
administer sodium pentothal, to watch for incipient shock, and to supply oxygen 
for anoxia. Sodium pentothal has been added only during the past three to 
four years, or in approximately 25 per cent of the cases. Prior to that time, 
small doses of morphine sulphate were administered intravenously during the 
operation to relieve pain and to allay apprehension. However, the depressant 
effect of morphine upon the respiratory sj^^stem has always made its use a thera- 
peutic hazard. 

Inhalation anesthesia: An analysis of the different types of inhalation anes- 
thesia is presented in table 3. A subdivision of operations into the various 
stages of thoracoplasty, with the types of inhalation anesthesia used, is also 
included. 
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Cyclopropane anesthesia has been the most frequently used t 3 q)e of inhalation 
anesthesia in this series. An intratracheal catheter supplemented the procedure 
five times, or in 10 per cent of the operations. The indications for an intra- 
tracheal catheter have been the expectoration of more than one cup of sputum in 
twenty-four hours or the presence of a bronchopleural fistula with empyema. 
With the additional safeguard of a catheter, an attempt is made to avoid the 
spread of bronchial secretions to uninvolved lung parenchyma. 

TABLE 3 


Inhalation anesthesia 


OPERATIONS 

STAGES 

TOTAL 

PER CENT 

1st 

2Qd 

3rd 

4th 

RevU 

Sioa 

Cyclopropane 

17 

18 

7 



42 

84 per cent 

Cyclopropane plus intratracheal, . 

2 

1 




3 

6 per cent 

Nitrous oxide 

3 





3 

6 per cent 

Nitrous oxide plus intratracheal. . 


1 

1 



2 

4 per cent 

Total 

22 

20 

8 



50 

100 per cent 


TABLE 4 
Shock 


OPERATIONS 

TOTAL 

STAGES 

TOTAL 

IN 

SHOCE 

PES CENT (104 
OPEEATIOJre) 

1st 

2Dd 

5rd : 

1 

4th 

Revi- 

sion 

Tnhftlat.inn /inp55theflin 

50 

54 

3 

8 

1 

2 

■ 

1 

13 

2 

12.5 per cent 
1.9 per cent 

Local and regional anesthesia. . 

Total 

104 

3 

' 9 

2 

■ 

B 

1 

15 

14.4 per cent 



Shock: Under local and regional block anesthesia, shock occurred only two 
times, or an incidence of only 1.9 per cent. Under inhalation anesthesia, thir- 
teen instances of shock developed, or 12.5 per cent. A total of fifteen cases of 
shock (14.4 per cent) occurred with both types of anesthesia. 

A patient was considered to be in shock if the systolic blood pressure dropped 
to below 85 nom. of mercury, and the diastolic to below 60 mm. of mercury, and 
remained stationary below these levels for several readings. An arbitrarj’- value 
of this type had to be adopted as low blood pressure readings per se may have no 
special significance as to shock in thoracoplasty surger 5 ^ Many tuberculosis 
patients come to the operating room with low pressures, but none of the patients 
in the present series had a systolic pressure of less than 95 mm. of mercury. The 
anesthesia chart of the average patient in shock during or immediately after a 
thoracoplasty procedure showed a drop in blood pressure to 70 mm. of mercurj’’ 
systolic, and 40 mm. of mercury diastolic, where it was maintained at a fixed 
level for several readings. 
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InirdbroncUdL “spreads”: The instances of intrabronchial “spreads” were 
identified from progress notes of clinical findings, as well as roentgenographic 
evidence when no such infiltrations were visible before operation. Under in- 
halation anesthesia, eleven intrabronchial “spreads” occurred, while under local 
and regional anesthesia only two “spreads” were noted. The total incidence was 
thirteen “spreads” in 104 operations, or 12.5 per cent. 

All “spreads” were contralateral and comprised mild, moderate and severe 
“spreads” (bilateral “spreads” included). The above findings are consistent 
with a previous report by Weinstein and Tyau (14). In an analysis of 198 
thoracoplasty operations at Sea View Hospital performed during the year 1942, 

TABLE 5 


Intrabronchial "spreads” 


OPERATIONS 

i 

TOTAL 

1 STAGES 

1 

TOTAL 

PEE CENT (104 

1st 

2ad 

1 3rd 

1 

4th 

RevU 1 
sioQ 1 

SPREADS 

OPERATION'S) 


60 

6 

4 

I 

■ 

■1 

11 

10.5 per cent 
2.0 per cent 

Local and regional anesthesia. . 

54 

1 

1 

I 

■ 

2 

Total 

104 

7 

5 

B 


g| 

13 

12.6 per cent 


1 

1 




TABLE 6 
Wound infections 


OPERATIONS 

TOTAL 

stages 

TOTAL 

PEE CENT (104 
OPESATIO.VS) 

1st 

2nd 

3rd 1 

1 

4th 

Revi- 

sion 

IN7EC- 

TIONS 

1 

Tnhftlfliinn Anp.RthftRift.. . . - 1 

50 

8 

D 

2 

■ 

■1 

■Hi 

16.3 per cent 
2.8 per cent 

Local and reponal anesthesia. . 

54 

2 

H 


■ 

■ 

H 

Total 

104 

10 

8 

2 



20 

19.1 per cent 






twelve local and regional anesthesias were done. Of these, onl}'- one “spread” 
occurred, and that one in a patient upon whom several attempts had been made 
preoperatively to pass an intratracheal tube under local anesthesia. Local and 
regional anesthesia was decided upon only after failure to pass the intratracheal 
tube. All twelve local and regional anesthesias in the aforementioned report 
were chosen for “poor risk” patients. 

Wound infections: The diminished bleeding in local and regional block anes- 
thesia contributed to the low incidence of wound infection. The local ischemic 
effect of novocaine and epinephrine infiltrating the tissues under pressure caused 
fewer extravasations of blood postoperatively. hloreover, as shock was more 
e\'idcnt under inhalation anesthesia, dela 5 ’’ed or secondar}' bleeding and oozing 
created collections of serosanguinous material upon the rise of the patient's 
blood pressure. Under the falling pressures of shock, a blood vessel that ordi- 
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narily would be clamped and ligated may not be visible, while under local an- 
esthesia such patent vessels are seldom overlooked. 

There were seventeen cases of infection after inhalation anesthesia and three 
cases of infection under local and regional. Thus, appro.vimately five times as 
many wound infections were observed under inhalation anesthesia as under local 
and regional. Any type of wound drainage associated vith fever was considered 
to be an infection, whether the fluid was serosahguinous, seropurulent, or puru- 
lent. 


TABLE 7 
Mortality 


OPERATIONS 

TOTAL 

STAGES 

TOTAL 

tER CEOT (104 
OPEEAnOXS) 

1st 

j 

2nd 

1 

1 3rd 

4th 

1 Revi* 

5!On 1 

XAUrv 

1 

Inhalation anesthesia 

50 

3 

2 

■ 

■ 

■1 

5 

4.S per cent 
2.9 per cent 

Local and regional anesthesia. , 

54 

2 

1 

■ 

■ 

■ 

3 

Total 

104 

5 

3 

■ 



S 

7.7 per cent 




■■ 




TABLE 8 


Inhalation anesthesia mortality 


HtrUBER 1 

PATIENT 

STAGE 

DEATH POST- 
OPERATIVELY 

CAUSES OE DEATH 

1 

L. P. 

1st 

28 days 

Pulmonary embolism (postmortem) 

2 

E. H. 

2nd 

12 days 

Spontaneous pneumothorax, contralateral lung 

3 

W. C. 

1st 

IS days 

j Intrabronchial “spread” 

4 

G. B. 

2nd plus 
Schede 

32 days 

I Bronchopleural fistula and “spread” 

5 

J. H. 

1st 

2 days 

“Spread” 


Mortality: In the early years, only the “poor risk” patients were given local 
and regional anesthesia. However, more recently all patients have been ad- 
ministered this type of anesthesia routinely. It would be proper to state that 
many of the patients in the series, who were operated upon as private patients 
\mder local and regionrd anesthesia, were referred by phthisiologists vith the 
express purpose of avoiding inhalation anesthesia in “poor risk” and desperately 
ill patients. 

There were eight deaths resulting from 104 operations, or an over-all operation 
mortality of 7.7 per cent, as noted in table 7. 

In tables 8 and 9 are listed the indmdual causes of death. A case of pul- 
monary embolism occurred twenty-eight days after an inhalation anesthesia, and 
this obviously cannot be directly attributed to this particular method of anes- 
thesia. At autopsy, an infarct, and a large cavity were found in the contra- 
lateral lung. A thrombophlebitic calf vein was discovered as the cause of tlie 
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trouble. jVnother instance of pulmonary embolism occurred in a patient oper- 
ated upon under local and regional anesthesia. Even though a postmortem 
examination was not performed, the clinical findings seemed to be conclusive. 
Another patient, Mr. S. F., who died six days after a first stage .thoracoplasty 
operation, was extremely ill with extensive cavitated lung tissue and a putrid 
empyema. There was an open bronchopleural fistula with the almost continu- 
ous ex-pectoration of foul pus. A thoracotomy tube was first inserted to de- 
compress the putrid empyema, and four days later a first stage thoracoplasty 
was done under local and regional anesthesia. However, the drainage from the 
large patent fistula into the bronchial tree was so marked that an extensive bi- 
lateral “spread” resulted. Tliis was the only death from an intrabronchial 


TABLE 9 

Local and regional ancslhcsia tnorialUy 


KtJimrs 

PATIZKT 

STAGE j 

DEATH POST- 

OPEEATl\TtV 

CAUSES 01 DEATH 

1 

1 

T. T. 

2nd 


Pulmonary embolism 

2 

L. G. 

1st 


Unknown 

3 

S. F. 

1st 


Putrid empyema; open fistula. Severe spread 


“spread” in the local and regional anesthesia group of cases, while under inhala- 
tion anesthesia there were four deaths from “spreads.” 


SHMJIARV 

1. Favorable results with local and regional anesthesia in thoracoplasty opera- 
tions over a period of ten years suggest that this type of anesthesia be used as the 
method of choice in all cases and not merely for “poor risk patients.” 

2. The foregoing method of anesthesia may also be used to advantage and with 
safety in institutions where trained anesthesiologists are unavailable. 

3. Under this method a patient, conscious throughout the operation, is able 
to cough and empty his bronchial tree and consequently leaves the operating 
table with very little shock and anoxia. There is less blood loss throughout the 
operation and fewer bronchogenic “spreads” postoperatively. 

4. Special indications for local and regional anesthesia are: extensive bronchiec- 
tasis; tracheobronchial tuberculosis; tuberculous empyema and bronchopleural 
fistulae; anoxic patients with low vital capacity; hypertensives and h 3 q)Otensives; 
amyloid disease; lowered nutritional states; and patients in the advanced age 
group. 

5. An interrupted intravenous flow of two-tenths per cent sodium pentothal sol- 
ution throughout the operation prevents restlessness and allays apprehension 
while stiU permitting the patient to utilize the cough reflex. 

■ 6. A critical analysis of postoperative results in 104 thoracoplasty operations 
shows that local and regional anesthesia causes less shock, fewer intrabronchial 
spreads, less frequent wound infection, and fewer deaths. These conclusions 
are based upon a comparison of results in a series of 50 operations under inhala- 
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tion anesthesia with another series of 54 operations under local and regional an- 
esthesia. An unselected group of private and ward patients in four New York 
City hospitals forms the basis of this study. 

7. This type of anesthesia requires patience, skill, and the gentle handling of 
tissues to obtain the best results. 

SUMARIO 

ToracoplaMias con Anesiesia Local y Regional 

1. Los resultados favorables obtenidos con la anestesia local y regional en las 
toracoplastias ejecutadas durante un decenio sugieren el empleo de esta forma 
de anestesia como t4cnica de eleccidn en todos los cases y no piuamente en los 
enfermos considerados como "males riesgos.” 

2. Puede tambi^n utilizarse dacha anestesia con provecho e inocuidad en las 
instituciones que no cuentan con anestesidlogos adiestrados. 

3. Con dicha t^cnica, un enfermo, consciente durante toda la operacidn, 
tosiendo y vaciando su drbol bronquial, abandona la mesa de operaciones con 
muy poco cheque y anoxia. Ademds, hay menos p4rdida de sangre durante la 
intervencidn y menos propagacidn bronedgena postoperatoriamente. 

4. Una indicacidn especial para esta clase de anestesia radica en: bronquiec- 
tasia extensa; tuberculosis traqueobronquial; empiema y fistulas broncopleurales 
tuberculoses; anoxia con poca capacidad vital; hipertensidn e hipotensidn; 
deficiencias nutritivas, tales como avitaminosis y flacura exagerada; y enfermos 
de edad avanzada. 

5. Una corriente endovenosa interrumpida de solucidn de pentotal sddico al 
0,2 por ciento durante toda la operacidn evita la inquietud y cahna la aprensidn 
a la vez que permite al enfermo utilizar el reflejo bdquico. 

6. El estudio anahtico de los resultados postoperatorios en 104 toracoplastias 
demuestra que la anestesia local y regional ocasiona menos cheque, mds pocas 
propagaciones intrabronquiales, menos frecuente infeccidn de heridas y menor 
mortalidad. Estas conclusiones se basan en la comparacidn de los resultados 
obtenidos en una serie de 50 operaciones verificadas con anestesia por inhalacidn 
y en otra serie de 54 operaciones con anestesia local y regional. Un grupo 
tornado al azar de enfermos .particulares y de sala de cuatro hospitales de la 
ciudad de Nueva York forma la base de este estudio. 

7. Esta clase de anestesia exige paciencia, destreza y manipulacidn delicada 
de los tejidos a fin de conseguir el resultado dptimo. 
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CAVERNOSTOMY 


EDWARD ERJ^EST ROGKEY, SAilUEL ALCOTT THOI^rPSON 

IRVING SHINER 

Gavemostomy is an open drainage of a tuberculous cavity. The proeediue 
is not new (1, 2, 3), but it has been modified by many thoracic surgeons. As 
many patients subjected to the procedure present indi-\ddual surgical problems 
which require an appreciation of the pathophysiology of the lung, it is believed 
to be worth while to report a series of cases in which these factors are considered. 

CLINICAL MATERIAL 

The present study deals with 22 cases operated upon at the Metropolitan 
Hospital from March 1942 to June 1947, inclusive (table 1). Nine patients 
were Negroes and 13 were white. Ten of the series were males and 12 were 
females. The age of the patients ranged from 18 to 53 years with a mean age of 
35 years. It is difficult to tabulate the patients as a group, as each one of them 
presents individual features. However, an attempt is made to place them in an 
acceptable classification (table 2). All had far advanced pulmonarj’- tuberculosis. 
Twenty-one patients had bilateral disease and only one had unilateral disease. 
Ten patients had active disease on both sides, the other 12 had active disease 
only on the operated side at the time cavemostomy was performed. All of the 
patients had received treatment for one to fourteen years prior to the cavernos- 
tomy. Duriog this period of treatment the usual forms of therapy were 
tried, as may be seen in the individual case histories. Tlie postoperative fol- 
low-up of these cases ranges from three to sixty-three months. The first patient 
in the series was operated upon in March 1942 and the last one in April 1947. 
Ten of the patients are dead and 12 are alive. The status of all patients was 
reviewed in May or June 1947, The extent and character of the disease which 
most of these patients presented made their outlook grave. However, 12 of 
them are alive, representing a 54.5 per cent sur^dval. 

PROCEDURE 

Cavemostomy is performed by the writers in one or two stages, depending upon the 
status of the lung tissue and pleura overlying the carity. If the o^'e^lJ^ng lung tissue is 
atelectatic and the pleural lajnrs are fused, the operation can be performed in one stage 
as was done in 10 of the present series. If the plexual laj-ers are not adherent, the wound 
is packed with washed iodoform gauze for one week, after which time the carity is opened 
at a second-stage operation, as was done in 12 of the series. Tlie carit3' should be care- 
fullj' localized with the help of postero-anterior and lateral films, as well as fluoroscopic 
examination in the same position in wliich the patient is to be placed on the operating 
table. Tomograms are also helpful in the localization of the lesion. The overlj-ing skin 
area can be marked with intradermal injection of methylene blue or bj* other means. 
The overljing ribs are removed by the extrapleural, subperiosteal method. The inter- 
costal bundles overljdng the cavity are excised and the cavitj- is unroofed as mdely as 
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possible. The approach may be anteripr, posterior, or lateral, but should be wherever 
the cavity is nearest to the chest wall. In the present series, the operative approach 
was anterior in 10, posterior in 10, and lateral in 2. In 10 of the cases, skin flaps (table 3) 
were formed and turned into the wound during the first stage. The tip ends of these flaps 
were attached to the parietal pleura or, if the cavity was opened during the first stage, the 
flaps were attached to the cavity wall. The purpose of these skin flaps is to keep the 
wound open, as well as to aid epithelialization of the cavity wall after its caseous layer has 
sloughed out. A munber of the patients with controlled disease underwent secondary 
operations, such as skin flaps or skin grafts, in order to epithelialize the clean cavity wall. 
The open cavities are handled as any other dirty wounds. They were dressed daily or 
every second day, depending upon the amount and character of the discharge. Sulfona- 
mide powder has been used locally to aid in keeping the wound clean. Systemic penicillin 
was also used during the first two or three weeks after operation in the cases which were 
operated upon during the past two years. 

EEStriiTS 

There is a strildng difference in the result of the cases mth bilateral active 
disease as compared to the ones vdth active disease limited to the operated side 
(table 4). Ten of the cases had active disease in both lungs; 6 are dead and 4 
are alive. Of the 4 living patients, only one is well in the sense that the pul- 
monary disease is controlled, the sputum contains no tubercle bacilli, and the 
wound is healed. One patient is classified as clinically improved, meaning 
that the disease is probably controlled, the discharge of tubercle bacilli in the 
sputum is intermittent, and the wound is clean and healing. Two patients are 
classified as unimproved or progressing, meaning that their pulmonary disease 
has remained unchanged or increased in extent, and they continue to discharge 
tubercle bacilli in the sputum. It is important to note that, clinically, even 
these patients showed improvement in that their expectoration decreased, 
appetite improved, and their general feeling was better. In the 12 cases with 
unilateral active disease, only 4 are dead. Of the 8 living patients, 4 are well 
with the disease controlled, wounds clean or healed, and no tubercle bacilli 
demonstrable in the sputum. Four of these patients are clinically improved 
■with the pulmonary disease probably controlled, and tubercle bacilli are dis- 
charged in the sputum only occasionally. 

A total of 5 of the 12 living patients were discharged from the hospital (table 5). 
This does not include one patient (S. R.) who was discharged in a condition 
which was classified “well” and died in another institution of what was considered 
to be cerebral tuberculosis. Four of the discharged patients are considered to 
be well, ■nith their disease controlled and their wounds clean or healed. One of 
these patients was considered to be only clinically improved at the time of his 
• discharge, as he still had active disease and discharged tubercle bacilli in the 
sputum. Nevertheless, his cavemostomy wound healed over completely about 
a year and a half after the operation and he is still chnicall}’- -vi’eH fort 5 '-nine 
months after the operation. Seven of the linng cases are still in the Metro- 
politan Hospital. One of these is well, with her pulmonarj'- disease controlled, 
sputum negative for tubercle bacilli, and her wound clean. Four of these 
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patients are considered clinically improved, vdth their pulmonary disease ap- 
parently stationar}’’, wounds fairly clean, and sputum examinations occasionally 

TABLE 2 
Extent of pathology 


Bilateral far advanced pulmonary tuberculosis, active on both sides 10 

Bilateral far advanced pulmonary tuberculosis, one side active 11 

Unilateral far advanced pulmonary tuberculosis, active 1 

Total 22 


TABLE 3 


Type of operations 



TOTAL 

DIED 

ALIVE 

With skin flnp - 

10 

3 

7 

Withnnf. skin fljip 

12 

7 

5 




Tntnl 

22 

10 

I 12 

1 



TABLE 4 
Results 



TOTAL 

DEAD j 

AUVE , 

1 


fiXATtrS 



Well 

Clin. 

iinpr. 

Pro- 

gressing 

Bilat. far advanced pulm. tbc., both sides active 
Bilat. far advanced pulm. tbc., one side con- 

10 

6 

4 

1 

1 

2 

trolled or unilateral disease ] 

1 

12 

4 

8 

4 

4 

— 

Total 

22 

10 

1 

12 

5 

5 

2 


TABLE 5 

Status of living patients 



TOTAL 

■WELL 

CLINICALLY l 
DIPEOVED 1 

FHOCEESSINC 

Discharged 

1 

5 

4 

1 


Still in hosnital 

7 

1 

4 

2 






Total 

12 

1 

5 

5 

1 2 






Seven out of the twelve living patients have bronchocutaneous fistulae. 


positive for tubercle bacilli. Two are considered to be progressing because 
their pulmonary disease has spread to the same or the contralateral side and 
tubercle bacilli are easily demonstrable in the sputum. Clinically, even this 
group of patients seemed to have benefited somewhat from the procedure. 
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Analysis of the 10 deaths (table 6) shows that 5 died of progression of the 
pulmonary disease. Two patients died of intestinal and Iddney involvement, 
one of air embolism, and one of pulmonarj’- hemorrhage. One of the patients 
(S. R.) was discharged with a diagnosis of psj’^chosis and her pulmonary disease 
controlled. She was classified as falling into the “well” group, but she sub- 
sequently died of what was considered to be cerebral tuberculosis. It is of 
interest to note that the 2 patients who died of kidney and intestinal involvement, 
as Well as the one who died of air embolism, all had sputum which revealed no 
tubercle bacilli, and clean operative wounds, at the time of death. In other 
words, the status of their pulmonary disease was as satisfactorj’’ as the patients 
who are “well” to date. The death of the patient from air embolism occurred 
eighty-two days following the operation, shortly after the removal of the dressing 

TABLE 6 
Analysis of dcaUis 


Progression of pulmonary disease 5 

Intestinal and kidnej* involvement 2 

Pulmonary hemorrhage 1 

Air embolism 1 

After discharge in a condition considered “well” died of cerebral involvement 1 

Total 10 

Early operative death, 8 to 17 daj's postoperative 2 

Late operative death, 49 to 413 days postoperative S 

Total 10 


from his wound. This is the only air embolism encountered in the writers’ 
experience or in the re^dewed hterature. The patient who died of pulmonar}’’ 
hemorrhage lived 413 daj’s following his cavernostomy and the fatal hemorrhage 
occurred during a secondary thoracoplastj'. 

The following case records illustrate the various tjqjes of pathology which 
were encountered in tliis series: 

Case 1: M. S. (Case number 145392) was a 27-ycar-oId white female housewife. The onset 
of her ailment dates back to 1936. Diagnosis of ca\itarj’ disease on the left side was made 
in September 1938, and artificial pneumothorax was instituted. This was incflectual 
and abandoned within a short period of time. Tlie patient was almost continuously 
hospitalized for four years prior to her admission to the hictropolitan Hospital in March 
1941, with far ad\’anced apparently unilateral pulmonary tuberculosis on the left. Tlicre 
were two large neighboring caaities present within the left lung: one measured 4 by 2 
inches in diameter and the other, 1 J by 2 inches in diameter. Tlie larger c.aaity appeared 
to be in the left lower lobe, the smaller one in the left upper lobe; both were located pos- 
teriorly and mesially (figures 1 and 2). The pcricaaitary disease was not extensia-e. Tlic 
general condition of the patient was fair; howcaer her actual aital capacity was only 1,000 
cc., which was 32 per cent of her cstim.atcd normal. The patient underwent a Monaldi 





Fig. 1. (Upper Left) Case 1: Preoperative chest film of March 6, 1942 reveals far ad- 
vanced bilateral pulmonary tuberculosis with two large cavities within the left lung. 

Fig. 2. (Upper Right) Case 1 : Preoperative lateral chest film of March 6, 19-12 shows the 
two giant cavities located posteriorly. 

Fig. 3. (Bottom) Case 1 : Postoperative chest film of May 13, 1947 shows the bilateral 
pulmonary tuberculosis controlled and evidence of cavernostomy on the left side. 
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operation on October 2, 1941, but the tube was removed in six weeks because the ca\’ity 
remained open and the patient liad a hemorrhage from the cavity. On ]\Iarcli 9, 1942, 
the patient underwent a firet-stage posterior cavemostomy followed by a second-stage 
one week later, when the posteriorly located lai'ge ca\'ity was unroofed. Through this 
ca^'ity, the smaller and upper cavity was also opened by removal of the intervening atelec- 
tatic lung tissue wall. Since this time, the cavities have been kept open. Smeara from 
the cavities were reported to reveal no acid-fast organisms in September 1942, but tulwrclc 
bacilli continued to be discharged in the sputum. At this time further studies (lordotic 
apical films) revealed a thin walled caAuty inthin the right uj^per lobe. On complete 
bed-rest, the cavitj' did not close. Ai-tificial pneumothorax was instituted on the right 
side in February 1943, and a selective collapse was obtained leading to the conversion of 
the sputum in May 1943. The cavemostomy wound became and remained clean and the 
patient underwent a skin flap operation to the caA’ity in March 1943, revision of the upiicr 
end of the cavemostomy wound, and another skin flap operation in April 1943. The 
wound was re^^sed again in Sejitember and the jjatient underwent pinch grafting to the 
cavities durmg October, Xovember and December, 1943, and in April 1944. After one 
year of pneumothorax therapy on the right, the space was lost because of obliterative 
pleuritis. The cai-ity remained closed on the right side and the sputum continued to he 
negative for acid-fast bacilli. The operative wound was clean with very tittle drainage, 
which did not contain acid-fast organisms. In June 1944, the ))aticnt was discharged to 
her home in excellent condition. Since then she has been followed at the Outpatient 
Department, where the wound is dressed at wecklj' intervals. Ap))roximatol 3 ’ two-thirds 
of its surface is covered with epithelium. Several patent bronchial ojicnings arc inesont. 
There is a minimal mucous dramage present, which is negative for acid-fast or other 
organisms on smear and on culture. Otherwise the patient is asymptomatic, has gained 
considerable weight, and attends to her duties as a housewife. In figure 3 maj’ lie seen 
the roentgenogram taken in Ma}' 1947, which reveals that the disease is controlled on the 
right side. In the same film maj' be seen the cavcmostoinj* on the left side which is now 
more than five j'ears old. 

This case represents a bilateral, far advanced pulmonaiy tuberculosis, active 
on both sides. The patient’s disease was controlled with arlificial pneumothorax 
on the right side and with cavcrnostom.v on the left side. 

Case 2: J. M. (Case number 1430SS) was a 40-year-old white female. The onset of her 
ailment dates back to 1933. She was admitted to the Metropolitan Hospital for the firaf 
time in March 1933, with a right upiwr lobe carntaiy disease. Artificial pneumothorax 
was instituted on the right side in Xovember 1933, and was followed Ire a phrenic nerve 
crush (right) in May 1934. Her disease became controlled, her sputum contained no 
tulwrclc bacilli and she was discharged to the Outpatient Department in August I93.‘). 
tshc remained well until 1937, when she cxiwrienccd what was thought to 1)0 an attack of 
rheumatic fever. Her sputum became iwsitivc for acid-fast organisms in May 193S. 
She was readmitted to the Metrojiolitan Hospital in 8cj)tcmlx'r 193S with the i)iieumn- 
thorax still maintained on the right side and cavitaiA’ disease pre.-ent on the left. .At this 
time the imcumothnrax was abandoned on the right and artificial pneumothorax on the 
left was attcmi)tcd unsuccessfully. .Attemiits to institute artificial i)ne\unothora\ were 
reiX'atod in February and March 1939, and were unsuccessful. The p;itient’.- vital 
capacity was 1 .100 which was 37 per cent of her estimated normal. .At this time (figure 1 ) 
a thin walled cavity, approximately 3 by 3 inches in diameter, was lure-ent iti tlic left 
u])i)er lol)e, accomjianied by little (X'ricavitary •ii'-ease. 
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In June 1940, the patient underwent a Monaldi operation with an anterior approach. 
This resulted in a closure of the cavity and sputum conversion. HoweA>-er, as soon as the 
tube was removed, the cavity was reopened and the sputum again became positive for 
tubercle bacilli. 

In June 1942, the patient underwent a one-stage anterior cavemostomy. The sputum 
became negative for tubercle bacilli within two weeks of the operation. The cavity 
drainage became negative for tubercle bacilli on smear and culture in September 1942. 
In November 1942, the patient undeiwvent a revision of the cavemostomy w'ound, making 
the drainage tract wider. She underwent skin flap operations to the cavity wall in 



Fig. 4. Case 2; Preoperative chest film of April 28, 1942 reveals evidence of fibrothorax 
on the right side and a large thin w’alled cavitj^ within the left upper lobe with little peri- 
cavitary disease present. 

January and March 1943, follow-ed by pinch grafting of the cavity wall in October and 
December 1943. In March 1944, the patient was discharged to the Outpatient Depart- 
ment with her cavity epithelialized. She has been followed at the clinic and w’as last seen 
in May 1947. She is asymptomatic and the wound has remained completely epithelial- 
ized. She attends to her duties as a housewife. Chest roentgenograms reveal that the 
fibrothorax is unchanged on the right and that there is an airnular shadow about 3 inches 
in diameter within the left upper lobe. The latter area represents the drained and epi- 
thelialized cavity wiiich clinically appears as a depression of the chest wall lined with skin. 

This case represents a bilateral, far advanced pulmonary tuberculosis, active 
oidy on the operated side at the time of the cavernostomj'. This operative 
procedure has controlled the disease. 
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Case S: F. (Case number 130-43) ivas a 33-year-old Puerto Rican female. The onset 
of her ailment dates back to 1933. Since that time she has been in and out of sanatoriums. 
In Juh’ 1934, artificial jmeumothorax was instituted on the right side. Artificial pneumo- 
thorax on the left side was started in February 1935 for eaxatary disease, and the siwee 
was lost because of an obliterative pleuritis. A .Tacobaeus ojieration on the right side was 
done in August 1940. Subsequently, in October 1940, her sputum became negative for 
tubercle bacilli, but became positive again in Xo\'ember 1941. In IMarch 1942, there was 



Fio. 5. (Ia?ft) Case 3; Preoperative chest film of .fuly S, 1912 shows extensive bilateral 
cavitary disease with jiartial pneumothorax on the right side and two distinct cavities 
within the left lung. 

Fio. fi. (Right) Case 3: I'ostoperative chest film of .lamiary 1, 1913 .sliow.s ma.s.sive 
involvement of both lungs. The right lung is almcst comidetcly reexjianded showing mul- 
tiple cavitation. The left lung shows evidence of the previous cavernostomy. 

evidence of rcoircning of the cavity on the left, which became much larger by .lime 1912, 
and tubercle bacilli continued to be piv.sent in the sjnitum. 

She was admitted to the Metro|)olitan Ifos|)ital in .fuly 1912 in [Kior general condition. 
She was undoniourished and underweight at the time of her hosi)itali7.atii)n. and ex])eclo- 
rated large (piantities of ininilcnt material. Chest nientgenogram.s ivve.ilcd extensive 
bilatend eaxatary disease with jiartial jmeumothorax on the right and two distinct cavities 
within the left njiiier lolio (figure '>). The larger one measured aUmt 3 by 3 indies in 
diameter and the smaller one alsmt one inch in diameter. There was a considerable 
amount of infiltrative disease within the [loricavitary hmg tivsiie. Her vital cajcicity was 
1 ,200 cc. which was 40 i>er cent of the e.stimated normal. 
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In March 1942, she underwent a one-stage left lateral cavernostomy. Through the 
larger ca^dty the smaller cavity was also opened with the removal of the intervening 
atelectatic pulmonary wall. The artificial pneumothorax on the right side was main- 
tained, but the disease continued to progress on both sides leading to multiple excavation 
on the right. The drained cavity on the left continued to discharge large amounts of 
purulent material. The patient’s expectoration decreased, but her dyspnea increased, 
which necessitated discontinuation of the pneumothorax on the right in December 1943. 
As may be seen in figure 6, there is a massive involvement of the right lung. The drained 
cavities on the left were larger than before. The sputum and the wound drainage con- 
tinued to contain tubercle bacilli and the patient died of progressive respiratory failure 
on Februaiy 10, 1944. 

This case represents a bilateral, far advanced pulmonary tuberculosis, active 
on both sides. Cavernostomy failed to control this hopeless condition. 

DISCUSSION 

Drainage of a tuberculous cavity attacks the focus of the infection itself. 
The open form of drainage or cavernostomy leaves this part of the lung exposed to 
direct handling. In this method, the tuberculous cavity heals by sloughing its 
caseous wall which is removed with the dressing. The pericavitary tissue vill be 
free of the usually high intracavitary pressure and become reaerated. The 
cavity wail itseK becomes epithelialized from the patent bronchial openings or 
from the skin edges. The latter is usually helped by grafting skin to the cavity 
surface, as was done successfully in 3 of the 5 discharged patients. Apparently 
the diversion of the flow of the tuberculous pus from the other areas of the lung 
frequently leads to controlling or arresting the disease in those areas as well. 
Extracavitaiy foci of tuberculosis may take their own course of healing if they 
are not continuously showered ivith tuberculous secretion. The less the pericavi- 
tary disease, the more hopeful is the case. If multiple cavities are present, 
thej'’ can be united if they are located near to each other and the intervening 
lung tissue wall is atelectatic or can be made so. There were two such operations 
in the present series. In both cases, one connecting cavity was made out of two 
neighboring ones b}’' the removal of the intervening wall. One of these patients 
is well (M. S.); the other one died (F. V.), The patient who did well had very 
little pericavitary disease; the one who died had extensive pericavitary involve- 
ment. Almost all of our cases were on the verge of becoming respiratory 
cripples and their vital capacities were too low to permit any extensive surgical 
procedure. 

One of the values of cavernostomy is that it is a selective procedure. Very 
little functioning lung tissue need be sacrificed when this operation is performed 
and consequently it can be safely applied even on cases with a borderline respira- 
tory capacitjr. in only one case out of the 22, did thoracoplasty precede the 
cavernostomy. In the other 21 cases, cavernostomy was applied as a procedure 
independent of thoracoplasty. This is contrary to the application of the pro- 
cedure by Eloesser and his coworkers (4), who used cavernostomy for post- 
thoracoplasty tension cavities. It is obvious from this series that the cases with 
controlled disease on the contralateral side did far better than the ones with 
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active disease on both sides. j\Iost of these patients had many otlicr procedures 
applied prior to their cavernostomy. All of these j^atients belonged in a group 
for ■whom no hope of cure could be offered. A procedure which saved 12 (54.5 
per cent) of the patients from a group of the type here described is worthy of 
recommendation. 

The indications for cavernostom}' on these patients were as follows: (/) 
Bilateral, far advanced disease with controlled contralateral side and one or more 
large ca\'ities present on the active side, with little or no perica\'itary disease 
present; (2) unilateral cases presenting the same type of disease on the active 
side as noted above, on whom more e.xtensiA'e surgeiy was contraindicated be- 
cause of a low respiratory capacity; (S) cases with a residual cavity under a 
thoracoplastj’- where rerdsion of the thoracoplasty or e.xcisional surgery was 
contraindicated; (4) bilateral, far advanced cases with the disease active on both 
sides and one or more cavities present on the operative side. 

SUMMARY 

During a five year period cavernostomies were performed at tl)e Metropolitan 
Hospital in 22 tuberculous patients whoso prognosis was considered to be hojic- 
less. Twelve of these patients are alive and 5 are well. Another 5 patients 
are only clinically improved and 2 most likely will not get welt. Even in this 
group of 2, however, life has been o.\tendcd and .symptoms har’e cleai'ed to a 
great extent. 

Tlie indications for cavernostomy in this soric.s of 22 patient.>; are enumerated. 

SVMMtlO 

Cavcrnosloinia 

Durante un quinquenio cjccutaron.se caveriiostomfas en el ho.spilal donde 
trabaja cl A. on 22 tuberculoses de.sahueiados. Docc de esos enfermos e.stan 
vivos todavia y cinco sc hallan bicn, otros cinco solo elinicamente mejorados y 
dos con toda probabilidad no sc repondran. Sin embargo, aim en este grupo dc 
sietc, se ha alargado la vida y los slntomas han desaparecido en gran parte. 

Enumdranse las indicacioncs dc la caveraostomfa en esta .<eric de 22 enfermos. 

KEFEllKXCMS 

(1) Ln.ir.NTii.vi., II.; Mpclianical priiiciplrs <>f (ho oponUivo troiitniont of pulmonary 

tuljorculnsis, ,\nn. Surg., 1027, S(l. 1.N2. 

(2) Lii.ir.NTU.vi., 11.: Diroot (Irainngo of (uhorculmis pulinoimry oavitios, .\roli. Surg . 1020, 
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(.1) Uor.r.H.‘ 5 , tv. I.., Siiio.M.vN, S. .1. .vnd D.vNir.i.j., .V. f’.; I'lap drainugo of rosiilmil (uImt- 
oulous cavitio.s, .f. Thoracic Surg., 1012. /2, 

(4) Ei.or.ssr.n, 1... Hor.r.ns, W. L. .vno Siiii’M.vn. .f.: Troatinont of insiiOhiiod o;iviii<’S 
Am. Hov. Tuliorc., 10 IT), 51,7 . 



THE SIGNIFICANCE OF PULMONARY TUBERCULOSIS WHEN 
ASSOCIATED WITH BRONCHOGENIC CARCINOMA' 

GKORGK W. DRY-MAIiSKI axd IFFXRV C. SWEAXY 

In 2,000 oonsccutivo autopsies perfonned at the Municipal Tuberculosis 
Sanitarium from 1017 to 1040 there were iiT eases of hronehogenic carcinoma, 
lo (20 per cent) of which had discharged acid-fast bacilli in the simtum. The 
purpose of this report is not to review the literature concerning the association 
of tuberculosis with carcinoma but, rather, to evaluate the clinical significance 
of acid-fast bacilli in the sputum of patients with bronchogenic carcinoma. 

The question of an antagonism between tuberculosis and carcinoma, jrostulat ed 
almost a century ago by Rokitan.sky (1), is little nearer solution now so far as 
statistical evidence or experimcnt:d proof is concerned. The earlier s(alistic.s 
did not take into consideration the fact that the two diseases atfect the opposite 
extremes of life, anrl for that reason direct (comparisons were inaccurate. Other 
comparisons were also faulty. For example, cancer is jironc to develop in the 
more vigorous type of cells found in the robust individual who is relatively im- 
mune to infectious or debilitating disea.ses. Tuberculosis, on the other hand, 
seems more prone to develop in the low-rc.sisfancc or nonreacting individual in 
whom cancer is less likely to develop. It would be risky, from the evidence at 
hand, to claim that an antagonism exists between tuberculosis and carcinoma. 
It is, however, rather evident that neither disease predisposes to the other and 
yet the two diseases arc not infrequently as.sociatcd. Because of this occasional 
coexistence the problem of therapy becomes complicated. 

COMMENT 

In table 1 may l.)e seen a summaiy of the case reports of the 15 patients with 
bronchogenic carcinoma who had discharged acid-fast bacilli during life. Of 
the 15 cases, 5 (cases 4, 5, fi, 7, and 8) had far advanced active tuberculosis which 
terminated in caseous imeumonia in four instances. In one patient (case 8), 
the carcinoma measured only a few centimeters and was considered an inci- 
dental finding. Chronic fibroid tidicrculosis was evident in cases 4 and 7, and, as 
determined from the history, had been active for years. Cases 5 and 7 had no 
previous pulmonaiy symptoms. The .sputum of the 5 patients with far ad- 
vanced tuberculosis was repeatedly positive foj’ tubercle bacilli. 

Three cases (Cases 1, 2, and 3) showed evidence of secondaiy pulmonaiy tuber- 
culosis. Fibrocascous in character, these lesions were well encapsulated and 
without perifocal inflammatoiy changes of exudation, congestion, or cellular 
infiltration. One patient (case 1) had been treated for far advanced tuberculo- 
sis for several years. His sputum had become negative for tubercle bacilli and 
he was an apparently arrested case of far advanced pulmonaiy tuberculosis when 
a bronchogenic squamous cell carcinoma caused his death. At autopsy there 

* From the Research Laboratories of the City of Chicago Municipal Tuberculosis 
Sanitarium. 
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Avas no exacerbation of the healing, encapsulated tuberculous lesions. It is 
curious that the anthracosilico tuberculosis of case 2 vas not reactivated, althougli 
tumor cells had invaded an old caseous focus. In another patient (case 3), who 
had suffered no previous pulmonary sxTnptoms, the tuberculosis was moderately 

TABLE I 


Siimniari/ of case reports 


J 

IT. y. 
0 

AGE 

NUMBER OF SPL'TVM 
specimens positive for 

ACID-FAST BACILLI 

LOCMION or 
TUBERCULOSIS 

TYPE OF 
TUBERCULOSIS 

location of 

CARCINOMA 

; 

TYPE or CARCINOMV 

( 

1 

1 

63 

Repeatedly 

positive 

Right upper 
lobe 

Fibrotic 

Right main 
bronchus 

1 

- Sciuatnous 

1 cell 

2 

47 

Two 

Right apc.K 

Fibrotic silico- 
tubcreulosis 

I-eft lung 

1 Squamous cell 

.3 

G3 

Tubercle bacilli 
cultured on 
one occasion 

Right ajicx 

Fibrotic 

Both lungs 

* Adeno- 

f 

; carcinoma 

1 

-t 

50 

Repeatedly 

positive 

Bilateral 

Pneuinoiiic 

Left lower 
lobe 

S(iuainous cell 

0 

•12 

Persistently 

jjositive 

Right upper 
lobe 

I'lcerative 

Left main 
bronchus 

' S(iuamous cell 

6 

39 

Repeatedly 

Ijositive 

Right upjier 
lobe 

Pneumonic 

Right main 
bronchus 

' Oat cell 

7 

67 

Ircvcral 

Right lung 

Pneumonic i 

Right lung 

: Squamous cell 

S 

60 

RpI)oatcdly 

positive 

Both lung.s 

Ulcerative ^ 

Right apex 

Si|uamous cell 

n 

-12 

One 

Bronchial ! 

lymph node ! 

Calcified 

Left apex 

Oat cell 

10 

-l-l 

One 

Both lungs and ; 
bronchial ; 

lyin|)h nodes i 

Calcified and i 
fibrotic 

Both lungs 

.\dcuomalous 

11 

70 

Two 

Both lungs 

Fibrotic and 
calcified 

Left main 
bronchus 

Adeno- 

carcinoma 

12 

50 

3'wo 

— 

— 

Left u])per 
lobe 

Basal cell 

1.3 

-1.3 

T wo 

Right upj>er 
lobe and right 
hilar node 

Calcified 

l.efl main 
bronchus 

.^qu.'unoiis i-cll 

11 

•IS 

One 

— 

— 

Right lung 

S(iuamous cell 

15 

60 

One 



Right lower 
lobe 

Adeno. 

carcinoma 


advanced and inactive. The .sputum nl)tnine(l from tlie.'-e 3 p;iticnts during life 
was occasionally positive for ttibercle bacilli. 

(hher than the equivocal evidence of calcified nodules in the pulmonary lymph 
nodes or in the lung parencliyma. '> cases ft'a.^es b, 10. 11, 12, ntid 13) .'^howi'd no 
signs of tuberculosis. In 2 ca.>;es (t’ases M and 15). not even calcificMl noduie» 
were found. The .•sputum of llie.<e latter 7 cases had contained acid-fast organ- 
isms on one or two occ.asions. There was no inst.ance of carcinoma develojiiiig 
from the metaplastic epithelium lining an old tuberculoii-' uh-cratioji. 
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Fried (2), in reporting 13 cases of bronchogenic carcinoma associated with 
pulmonary tuberculosis, observed that the tuberculous lesions were fibroid in 
all cases. The sputum positive for tubercle bacilli in 3 of his cases. 

The inability to discover at necropsj'^ tuberculous pulmonary lesions furnishes 
no explanation for the finding of acid-fast bacilli in the sputum of 7 cases of 
bronchogenic carcinoma. However, from 10 to 20 per cent of adult patients who 
die of causes other than tuberculosis have living tubercle bacilli in their lungs 
(3), and approximately 5 to 10 per cent of the population of the United States 
harbor living tubercle bacilli (4). It is not bejmnd the realm of the possible, 
then, to assume that the malignant process in these instances had literally liqui- 
dated and finally destroyed a tuberculous focus, which, containing bacilli, merely 
happened to be in the path of the iri’esistible neoplasm. Sputum examined 
during this critical period AVould contain acid-fast organisms which had originated 
from a short-lived reactivation of the tuberculous lesion. 

The Municipal Tuberculosis Sanitarium also serves as a clearing house for all 
patients ivho have suspicious pulmonaiy lesions or a sputum which contains 
acid-fast organisms. The high incidence (26 per cent) of cases of bronchogenic 
carcinoma with tubercle bacilli in the sputum must be interpreted accordingly. 

SUMMARY 

1. In 2,000 autopsies at the Municipal Tuberculosis Sanitarium of Chicago) 
there were 57 (2.8 per cent) cases of bronchogenic carcinoma. Fifteen (26 per 
cent) of these patients had discharged acid-fast bacilli in the sputum during life. 

2. Of these 15 cases of bronchogenic carcinoma associated with acid-fast or- 
ganisms in the sputum, there were 5 cases of florid, far advanced pulmonary 
tuberculosis, 3 cases of arrested secondary tuberculosis, and 7 cases in which 
definite tuberculous lesions were not found. 

3. The presence of tubercle bacilli in the sputum does not necessarilj^ exclude 
the presence of an underlying bronchogenic carcinoma. Neither does the pres- 
ence of carcinoma exclude tuberculosis. The search for each disease should be 
carried out regardless of any positive findings of the other. 

4. If the sputum contains tubercle bacilli in cases of bronchogenic carcinoma, 
the extent or nature of the pulmonary tuberculosis need not necessarily prohibit 
active surgical measures. In two-thirds of the cases, the presence of acid-fast 
organisms in the sputum must be considered of secondaiy or minor importance. 

SUMARIO 

Signijicacion de la Tiiherculosis Pulmonar Asociada a Carcinoma Broncogeno 

1. Entre 2,000 autopsias ejecutadas en el Sanitario Municipal para Tuber- 
culosis de Chicago, hubo 57 (2.8 por ciento) casos de carcinoma broncdgeno, 15 
(26 por ciento) de los cuales estaban asociados con un esputo positive para 
bacilos tuberculoses. 

2. De esos 15 casos de carcinoma broncogeno asociado con germenes acido- 
rresistentes en el esputo, en 5 habfa tuberculosis pulmonar florida, muy avanzada 
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3 ' en 3 tuberculosis secundaria estacionada, en tanto que cn 7 no se obscrvaron 
lesiones tuberculosas bien definidas. 

3. La presencia de bacilos tuberculosos cn el csputo no cxchu'c forzostuncnte 
la presencia de un carcinoma broncogeno subj'acente. Tampoco exclu.ve la 
presencia de carcinoma una tuberculosis. La busca do cada cnformcdad debe 
llevarse a cabo independicntemente de los ballazgos relativos a la otra. 

4. Si, en casos de cai'cinoma broncogeno, el esputo conticne bacilos lubcr- 
culosos, la extension o naturaleza de la tuberculosis pulmonar no vcda forzosa- 
mente el empleo de providencias quirurgicas activas. En dos tcrceras jiartcs de 
los casos, debe considerarse como de importancia secundaria o menor la jjrcscncia 
de microbios acidorrcsistcntes en cl esputo. 
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BRONCHIAL TUBERCULOSIS SIMULATING FOREIGN BODY IN A 
CHILD ONE YEAR OF AGE 

Report of a Case 
PORTER P. VIXSOX' 

Tvibcrcvilosis may simvilate any type of pulmonaiy disease, and when a Ijron- 
chus is partly or completely occluded bj’- an intrabronchial mass of tuberculous 
granulation tissue, or by a tuberculous node pressing on a bronchus with com- 
pression and reduction of the bronchial lumen, the presence of a foreign body maj' 
be suspected. 

DifTcreniiation of foreign bod.y from bronchial tuberculosis may be difficult 
in adults, e.specially when a healed, calcified, tuberculous lymph node, a so-called 
lung stone, erodes through the bronchial wall and actually e.xists as an intra- 
bronchial foreign body. In infancj’’ and childhood calcified hilar lymph nodes 
seldom, if ever, enter the lumen of a bronchus, but nodes enlarged by tuberculous 
infection maj’’ reduce the bronchial lumen and produce physical signs, clinical 
symptoms, and rocntgenoscopic evidence .suggestive of the presence of an intra- 
bronchial foreign body. 

The following case is reported because of many unusual findings and a history' 
that, .suggested aspiration of a foreign body. 

CASK lUCPORT 

A child, one year of age, was brouglit for e.xamination Xovcinl)cr l-l, 1917. Scvenil 
weck.s previously, the mother had noticed that the child had Ijceii chewing on a .shoe lace 
and she was afraid that the tip on the lace might be swallowed. A few days later, five 
weeks before the child was examined on this service, the mother had found that the 
tij) on the .shoe lace had dis!ipi)oarcd. Although the j)atient had not had an}* .sym])toms 
that indicated ingestion or inhalation of a foreign body, the mother concluded that the 
ti]) had been swallowed. Two weeks later, the child lx!gan to have cough and wheezing 
that increased in .severity and Iwcame as.eociatcd with intermittent att.acks of tiy.^imcA. 
For forty-eight houi-s i)rior to c.vainination by the writer, dyspnea had Iwii sufiicicnlly 
severe to recpiire admini.stnition of oxygen. 

Roentgenosco])ic cxiimin.ation levcalcd dcprc.«sion of the (iiai)hi'agm on the right side, 
with emiihy.'S’m.a of the entiie right lung and shifting of the he.art and mediastinal strtJC- 
tures toward the left side (figure 1). Fluorescopic study showed almost complete im- 
mobility of the diaphmgm on the right in the position of extreme insj)inilion. Physical 
examination of the thonix di.sclo.sed evidence of marked ob'lruclive cmjjhy.-cma of the 
riaht lung. 

1 he chihl’s father, who was forty-three wars of ag<', was employed .as a sheet metal 
worker and coiisitlered himself in good health, altlumgh he h.ad Ixsai disehaigcd from the 
.Army in likhi with a diagnosis of “arrested jrulmonnry tul>enailosis.'’ In view of the 
family history of tnlaaeiilosis with the probability of dina-t c.\'p)>nn'. and the fact (hat 
the chilli had not had any ivsjnmtory .symjrtoms until two weeks after the tij) had dis- 

’ .Medical College of \ irgiiiia. Riehmomi. Virginia. 
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appeared from the shoe lace, tubercuioxis disease obstructing tlic bronclius was considered 
a more liJv-eI\" cause of sjmiptoms tiian foreign irody. 

Bronclioscopic examination was performed on November 15, 1917, and the right main 
bronchus was foimd to be almost completely occluded by a mass of grmmlomatous tissue 
that bled freely on manipulation. A foreign body could not lx; identified. Tissue was 



I'lc. 1. H(K‘titK<'nogr:iiu sliowiiif: depre.-sion of <Ji:»pliraf:tn fin nclu. cnifiliyscina of cnliri’ 
riciit limp, and .«liiftinp of lieart aiul mediastinal .striietiiref toward left. 


removed for micrescopic stinly, :ind smears were laade for examination for tuliervle !i wilh 
r^ipnificant organbms cfiuld not lie found, and stinly of the fis~ue revealed niarkeil n>' 
crosis oniv. The cliilrl, however, .‘•howed a stronply jxi'itive re.'iefion to a eut.'ineoii' in 
jeetion of Olfl Tiilicrculin in a flilution of 1 : HK),(XK) am! many aei-i-fa>t orpani-m- n>'o- 
demoii'tratcd in the stained secti'ins of the ti'-ne. 

The father was then examined and w.-i' fouinl to Irix-c liilatf-ral piilmon.'iry tnU reii!' 
witli imntiiile small cavities in the iiiiixt l-dieof the h-ff Imip. Kvimic.atSMt, .if hi- -jnitiirti 
disclo.-cd the prC'elice tif tilbend" l-aeilli. 
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The child was treated for ten days by administration of strcirtomycin and deep roent- 
genotherapy. At the time of dismissal the breath sounds were equal on both sides and 



Fig. 2. Roentgenogram after treatment, showing normal aeration on both sides, with 
slight infiltration in right hilar area. 


cough and stridor had disappeared. Roentgenoscopic examination showed normal aer- 
ation on both sides, with slight evidence of infiltration in the right hilar area (figure 2) . 

Facilities at home were unsatisfactory for continuation of streptomycm therapy, and 
administration of the drug was, therefore, discontinued. The child was dismissed on 
November 24, 1947. 


THE EFFECT OF SALICYLIC ACID ON THE GROWTH, MORPHOLOGY 
AND VIRULENCE OF M. TUBERCULOSIS'" 

ROBERT J. FITZGERALD axd FREDERICK BERXIIl-IM 


Salicylic acid added to suspensions of virulent tubercle bacilli of both the 1137 
and Bi strains increases the oxygen uptake of the bacteria (I). This effect, 
which is catalytic because the salicylic acid is not metabolized, is absent or much 
less marked in avirulent tubercle bacilli and other mycobacteria (2, 3). At- 
tempts to elucidate the mechanism of the salicylic acid effect by the Warburg 
technique have thus far failed. It was gossible that information on this elYcct 
could be obtained if the bacteria were adapted to grow in .salicylic acid. This 
was accordingly done and the results arc described in the following. 


EXPEIUMKXTAl, 


The H37RV strain of M ycobaclcriiim tnhcrculosis was obtained from the 
■rrudeau collection and grown in veal infusion glycerin broth. The growth of 
this strain is partially inhibited by 5.0 mg. per cent of salicylic acid. By suc- 
cessive transfers into increasing concentrations, it h:\s been finally po.ssihlc to 
obtain growth at 50 mg. per cent of the drug. Similar adai)talion was also ob- 
tained with benzoic acid, which also acts catalytically on the oxygen uptake of 
virulent strains. ’I'lie growth rate .at the.se high concentrations is sibout 50 per 
ceitt slower than normal. 

In tile pre.sence of 10 mg. per cent or more of .salicylic acid, thi' gross character- 
istics of the culture change. Instead of the normal yellowish-while thick mat 
which is easily friable, tlie growth is thin, membranous, rubbery and of darker 
color. When the cultures were twenty days old, smears were made and stained 
simultaneou.dyby theZiehl-Xeel.'-en techni((ue. Photomicrographs of flie.<i;. smears 
may be seen in ligure 1. The <'clls grown in salicylic acid are much longer and 
wider than the normal, and liave relatively few granules. In contrast, the cells 
grown in benzoii" acid are veiy little different from normal, both in the gro-s 
aspect of the culture .and in the mienwopic characteristics of the individual 
cells. 

.After «mc subculture in normal metiium cells alttaed by their growth in .-.ili- 
cylic ;icid revert to normal as rcgartls their morphologic.al and phy.-iological 
characteristics. 

The vinilcnce of an 1137R\' strain which ha<l betat grown for tlina' giauaation- 
in the presence of 25 mg. per cent s.-dicylic acid wa^ tested by the guine.t pig 
omentum method of .'^az et al. (1). 'I'he inoculum containe<i (t.twtl mg. tnoi-t 
weight of the organi-tn, in order that any <!itTerence- in r irulence miglit be more 
apparent. The control pig- received the same quantity of the normal [circtif 
n.37RV strain. The animals wen' s.-icrificed after fourteen d.sv- and the onnif 
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turn remorcd and weighed. Tiio results, presented in table 1, indicate a definite 
increase in virulence of the salicylate cells for the guinea pig as assayed by this 
method. A second test using organisms from the fourth suiieulture in medium 

TABLE 1 

.4 compartsoti of the n'rtilcncc of normal and salicijlatc adapted strainx of M. tiiherculoxi'x n>- 
detrrmined hij the ijainea pip omcnlnm text 




NORMAL JI.URV {o.oai^uc.) 


HStRV 

— s\t.‘ (o.o-n Mo.t 


TIC NL'MtinR 








Wcichl 

Omentum 

R** 

Wciclit 

Onienlvjni 

R” 

l 

402 

2.3 ! 

0,50 

•105 

4.2 

1 .03 

2 

470 

3.1 

0.00 

ISO 

4.1 

0,S.5 

3 

474 

3.0 

0.03 

ISO 

3.0 

O.SO 

4 

; 500 

3.0 

0.00 

400 

1.0 

0.S2 

.5 

5 to 

3,2 

0.50 

520 

4.2 


0 

i 5.50 

3.0 

0.55 




.\vorage. 

; 403 

2.0 

0.50 

477 

4,1 

0.S7 


* M. tiibcrniioxis HSTRV third genomlion Krown in tho pro.-ipneo of 25 mi;, jut ci’iit 
salicylic acid. 

** U = Omentum \vt. jior 100 j;m. Kuinea jiig \veii;h1. 


TABLE 2 

The effect of varioiix coinpoundx on the oxi/ijcn uptake of Ix-ncoir am! xalieiilate adaplx! 
strains of .1/. tuhrreuhsis IfSTitV* 


NORUAt. fT* ON iir.srOAtr srsAiN'! M»o\’ 


TIWF. 

, * 1.0 mf?. 

) licfiro4tc 

1.0 TTU: 

Saliol^tc 

1.0 mt?. 

rAs» 

1,0 mz. 
llenroate 

l.O mR. 
Salicylate 

1 0 mt:. 
I'AS* 

I 0 r-K 

I^ccruatc 

1.0 tn?. 

Salio’IatP 

1 ortr 

if. 

r»«t 



rtn 

nn. 

W-J. 




0;.50 

22 

10 

4 

10 

17 

- 4 

—2 

— A 

— , » 

1:3.5 

IS 

2.S 

11 

15 

22 

-0 

0 



2:3.5 

so 

40 

14 

17 

27 

-0 

1 

-15 

-11 

3:50 

13S 

05 

17 

25 

:i2 

-3 

.3 

-2.3 


4:50 

172 

S5 

21 

25 

■.v\ 

- t 

:t 

-2't 

'll 

5:35 

202 

103 

2i; 


3t» 

-3 

1 

-3i 

- 13 


'The owitiTi ujitake of the controls oiihout addod >;nl''’tr.\ti' h:f> MihtmeO'd oi 

each e.'ise. p!l 0.7, 37(’. 

' (JroAvn for 3 ci-sierations in the iirf.'>'uce of 3'! mi; jct cent te’Sifo itc 
’ (irinvn for 3 generations in the itreseitri' of 25 nr.: jxt l•''nI ■.•dici late 
' ji amino ealicylie acid 


containing 2') mg. per cent .-nlirylic acid gave '•imilnr re'iilt--. ttiiriiier fid- 
ajiparent increa-e in vimlence is tran-ient nr will p'-r-i-t retnatn- ti> be invrOi- 


gat«a!. 

In virulent strain- previon-ly stndic!!. '•alirylie arid firnduc.-,! a, 
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markedly depressed in cells grown with either of the two compounds. This in- 
dicates that the metabolites present in normal cells, the oxidation of which can 
be catalyzed by salicylic or benzoic acids, have not accumulated in the cells 
grown in their presence. Para-aminosalicylic acid, developed by Lehmann (3) 
on the basis of the salicylic acid effect as a possible chemotherapeutic agent for 
tuberculosis, accelerates the oxygen uptake of normal cells to a small extent, but 
is without effect on the uptake of cells grown in benzoic or salicylic acids. 

The bacteriostatic action of p-aminosalicylic acid on virulent tubercle bacilli 
is not antagonized by small concentrations of either benzoic or salicylic acids. 
It was of interest, however, to test its effect on the cells gromi with salicylic 


TABLE 3 

The Effect of p-amino salicylic acid (P.A.S.) on the growth of the normal and salicylate strains 

of HS7RV 


P.A.S. CONCENTRATION 

NOKMAl. H37RV 

SALICYLATE ADAPTED H37RV 

Mg. Per cent 

Growth* (gm.) 

Per cent inhibition 

Growth (gm.) 

Per cent inhibition 

5.0 

0.025 

94 

0.045 

85 

1.0 

0.085 

78 

0.125 

55 

0.5 

0.09 

77 

0.13 

57 

0.0 

0.39 

— 

0.29 

— 


* The cultures were fourteen days old at the time the determinations were made. The 
per cent inhibition was calculated from the following formula 


100 


-c 


wt. of growth at “x” mg. 


per cent P.A.S. 


wt. of growth at 0.0 mg. per cent P.A.S. 


") 


X 100 if or each strain. 


acid. In table 3, it may be seen that this latter strain is more resistant to the 
inhibition by p-aminosalicylic acid than the normal parent strain. 


DISCUSSION 

These experiments do not elucidate the exact mechanism of action of salicylic 
acid. They do, however, show that the metabolic effect observed in the War- 
burg vessel on nonproliferating cells is of such a nature that the morphological 
characteristics, the virulence, and the reaction to a drug of cells grown with sali- 
cylic acid are profoundly altered. It should be noted that these changes are 
less marked in cells grown in benzoic acid, despite the fact that a greater acceler- 
ation of; oxygen uptake occurs in the Warburg vessel. Therfore the specific 
configuration of salicylic acid is apparently of great importance in causing the 
changes observed. 


SUJIMAnY 

Organisms of the H37R^'' strain of Mycohaclcrium iuhcrculosis, adapted to 
grow in high concentrations of salicylic acid, show an increased size, an apparent 
increase in virulence, and metabolic reactions which differ from the normal. 
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SEMAIUO 

Efccio del xicido SalMlico sobre cl Crccimiaito, Morjologta y Virulcnda del 

Bacilo Tithcrcuhso 

jMicrobios de la cepa H37RV del Mycobacterium tubcrculos-is, una voz adap- 
tados al creciraiento on altas concentracioncs dc acido salidlico, rcvclan aumento 
en su tamaiio y virulencia y reaccioncs metabdlicas que se apart an dc lo normal. 

REFERENCES 

(1) BEnxHEjM, F.: The Effect of various subst.anccs on the oxygen upt-ake of the tulwrcle 

bacillus, J. Bact., 1941, 4b 3S7. 

(2) Fitzgerald, R. J. and Berntieim, F.: The effect of streptomycin on the metabolism 

‘of benzoic acid b\‘ certain mycobacteria, J. Bact., 1947, 54, C71. 

(3) Lehmaxn, j.; Determination of pathogenicity of tubercle bacilli by their iiUermetliate 

metabolism. Lancet, 1940, S30, 14. 

(4) Saz, a. K., Johnstok, F. R., Burger, A., a\‘d BEUNHF.tM, F.; Effect of aronmtic iodine 

compounds on the tubercle bacillus. Am. Rev. Tubcrc., 1943, 4S, 40. 


SUBMERGED SUSPENDED LIQUID CULTURE OF M. TUBERCULOSIS 
AND OTHER ACID-FAST BACILLI UNDER THE INFLUENCE 
OF PHYSICAL AND CHEMICAL FACTORS^-^ 

H. J. CORPER, MAURICE L. COHN and W. H. FREY 
INTEODUCTrON 

The cultivation or growth of acid-fast bacilli, including tubercle bacilli, has 
interested scientific investigators since the discovery of the tubercle bacillus by 
Robert Koch in 1882. Although marked strides have been made, many of the 
obvious facts concerning the growth of tubercle bacilli were noted by early 
students, Koch particularly, and his contemporaries and colleagues. Koch 
described the main characteristics of the tubercle bacillus: slow in growth, 
“acid-fast” characteristics, resistant to reagents, able to grow on relatively 
simple nutrients, tending to grow in lumps but, above all, an aerobe which pre- 
ferred to grow on the surface of hquid media. Therefore, Koch chose solid, 
media except when preparing biological products such as tuberculin. He 
observed all this, despite his lack of fine quantitative conceptions, the modern 
concept of nutrients, and the essentail action of hormones and vitamins. He 
also illustrated and described the developing skein form of growth cultures 
when examined at low and high magnification. 

The significance of nutrients was stressed further in the tuberculin studies of 
Long (1). Their importance for cultural diagnostic purposes (2) was also 
emphasized when it was found that simple synthetic media were unsuited to this 
purpose but that tubercle bacilli required the more complex natural nutrients 
when planted in small numbers. Thus developed the practical diagnostic media 
to replace animal tests; media in which the potato, blood and tissues, and egg 
products, the yolk in particular (3), were utilized. The success with the co- 
agulated yolk in 1932 led to the suggestion for its use, as well as the use of blood, 
in a simple practical technique for diagnostic purposes, in which the microscopic 
e.xamination for positive acid-fast bacilli in skein formation (seen even in low 
power magnification) obviated the need for a previously laboratory-prepared 
sterile medium (4). This procedure, although sound bacteriologically, never 
became acceptable practically because the method required the use of the 
stained smear and because it could only disclose acid-fast bacill,. Such w^as not 
the case when solid media w^ere used which disclosed the char’acteristics of the 
gi-oss colony so essential to the biologic concept of tubercle bacilli. The cri- 
terion of using the acid-fast skein as evidence of growdh apparently could not 
overcome these objections. 

About this same time, Erschner (5, 6) published his observations vfith depth, 
or submerged, culture of the tubercle bacillus on suitable liquid nutrients. In 
these experiments, he tried essentially three liquid media: (I) a synthetic nu- 

^ From the Research Department, National Jewish Hospital, Denver, Colorado. 

- This investigation was aided by a gift from Morton May, in memory of Florence G. May. 
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trient with 10 per cent serum (designated “Sy-Ser”), {2) a mineral salt solution 
with 10 per cent senim (“Min-Ser”), and (S) a mineral salt-asparagin solution 
with 10 per cent seram (“Minas-Ser”). With these media, macroscopic growth 
appeared in six to ten days after heavy planting, while sparse plants required 
two to three weeks for discernible colonies to develop. Grovdih occurred as a 
number of fine gray white lumps, which attained the size of the head of a pin and, 
when sufiiciently numerous, resulted in a millimeter thick membrane coA^ering 
the bottom of the tube. The liquid remained clear. The sediment, however, 
was neA’-er homogeneous nor did it form a turbid liquid. This latter criterion 
was used by IQrschner to differentiate grcAA^th of tubercle bacilli from contamina- 
tion. For diagnostic purposes, these liquid media were compared by ICrschner 
Avnth solid nutrients (Hohn, Loewenstein, Petroff, and Petragnani, egg media). 
As a result of Kirschner’s observations, it is concluded from the study of human 
tubercle bacilli that the egg media are superior to the liquid submerged culture, 
especially Avith turbid preparations producing a sediment in the liquid. The 
liquid media also require microscopic control in doubtful tests which is obAdated 
in solid egg media. In spite of contamination (especially AAith sarcinae or 
diphtheria-lilve organisms), at times the liquid media 3 delded typical tubercle 
bacillus cultures, AAdiile egg (solid medium) cultures were A'alueless because of 
the contaminant. Depth culture should not replace egg media for diagnostic 
purposes, according to IQrschner in one of his reports, but should be used in 
conjunction Avith them, especially AA'hen dealing AAith uncontaminated, non- 
purulent exudates, for 1.0 to 3.0 cc. of such material can be planted directly into 
the liquid medium. MoreoA'er, he believes that the deep culture is better suited 
to studjdng the effect of certain dissolved substances on tubercle bacilli. 

In a study AAuth boAone tubercle bacilli, IQrschner notes that grcAAiih in “Sy- 
Ser” is rapid for human and bovine laboratory strains Avith secondary'’ surface 
groAAdh. He notes here also that for diagnostic culture of human source material, 
this medium is equal to the egg media and groAA’th appears earlier; while AAith 
bovine bacilli, the “hlinas-Ser” cultures exceeded the cultures on egg media. 
Human tubercle bacilli grow well on egg media and equally well in the liquid 
media. The groAvth of bovine bacilli on egg media is slow and sparse, in the 
“S5’’-Ser” tubes there is usually no growi^h, while in the “Minas-Ser” tubes a 
good sediment groAvth occurs. IQrschner suggests this difference may be used as 
a differential test. 

Interest in subsurface groAAiih of tubercle bacilli waned until Drea (7) and 
Cohn (8) again demonstrated its existence under certain conditions, but not to 
the extent of surface groAsiih. In 1944, Youmans (9) grew virulent human 
tubercle bacilli in a synthetic medium and claimed evident groAA’th in tAVO da3^s, 
which rapidly increased and consisted of the groAvth of tubercle bacilli betAA’een 
the medium and the side of the tube when 10 cc. of medium in a 200 by 25 mm. 
tube was used. No dispersing agent was used in making suspensions of the 
tubercle bacilli. The larger inocula grew more rapidly (0.01 to 0.001 mg. re- 
quired two to fom weeks for subsurface groAvth), and finer suspensions seemed 
to grow more rapidly. The same subsurface groAA’th Avas obserA’ed in 250 cc. 
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flasks containing 100 cc. of medium. No mention was made of the importance 
of the depth of liquid. This method of subsurface growth was used by Youmans 
for testing sulfone (10) drugs and streptomycin (11). 

In 1945, Dubos (12) noted that rapid submerged growth “throughout the 
fluid” can be obtained in lipid media. Saprophytic and avian strains grow 
within one day, and bovine and human strains Avithin three days. The addition 
of purified serum albxunin (0.1 per cent or less) to these liquid media further 
enhances the growth of tubercle bacilli and permits in particular more rapid 
multiplication of small inocula. Certain water-soluble esters of long chain fatty 
acids (in particular, oleic acid) favor submerged and diffuse growth of mycobac- 
teria throughout the depth of synthetic liquid media (13). In 1946 (14), a 
Tween-albumin liquid medium was described along the same lines for the purpose 
of isolating tubercle bacilli from pathological materials from tuberculous patients 
with positive results in materials negative on microscopic examination of con- 
centrated material. The fact that these media permit the production of young 
and homogeneous cultures suggests that they may facilitate the study of some 
of the problems of tuberculosis. Toley (15) found several variations of Dubos’ 
media invaluable in the laboratory diagnosis of tuberculosis, but noted they 
would support the growth of a variety of nonacid-fast microorganisms as well as 
acid-fast saprophytes. He states that “they cannot be used alone for the 
specific bacteriologic identification of tubercle bacilli.” He suggests accordingly 
a combination of rapid liquid culture with guinea pig confirmation, A com- 
parison of the essential constituents and amounts in the various liquid media 
(Ejrschner’s, Dubos’, Youmans’, Long’s and Wong’s) is enlightening as to the 
slight differences between them from a cultural vievqjoint. 

Fvmdamentally all the liquid media noted in table 1 contain about the same 
essential salt constituents. Kirschner’s medium (1932) and Dubos’ medium 
(1946) are practically the same composition except for the addition of “Tween 
80” in the latter, Kirschner described the essentials for subsurface culture in 
salt media, and to this Youmans and Dubos have added httle further information. 
The objection to Kirschner’s studies was that they were not performed on a 
quantitative basis so far as the bacilli were concerned, but otherwise the essential 
findings were noted by him. The function of serum or plasma in the medium 
was not described satisfactorily in either case thus far, although the shallow 
liquid is adhered to, again without apparent satisfactory explanation. The 
significance of the oxygen (or air) problem has been referred to previously by 
Corper (16), Novy (17), Rich and Follis (18), and Cohn (8). 

The growth of tubercle bacilli in liquid cultures: There appears to be some 
disparity in opinion concerning the growth of tubercle bacilli on the surface and 
submerged in liquid media, as compared with their growth on solid media of good 
nutrient qualities. It is well known from past experience that the addition of 
agar adds no material benefit to the nutrient qualities of a medium for acid-fast 
or tubercle baciUi and may even be detrimental in that the contained nutrient 
becomes less available as indicated by the larger plantings required to obtain 
positive cultxires on such media. However, when requiring certain types of 
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culture, this loss in efficiency can be compensated for by the greater amount of 
plants used for initiating gro\rth. In the case of liquid media, there are two 
tjqjes of recognized positive culture growdh, and usually the surface cultures 
have been given greater consideration in the past. Large volumes of liquid were 
used, the depth precluded a consideration of submerged growth, and the jaeld 
of bacillarj’- mass was important and a primarj’- item in the use of such media. 

Since submerged cultures have attracted interest recen%, a practical and 
comparative evaluation seemed pertinent at this time, especially in ^aew of 
Kirschner’s earlier observations. It was ob\dous that the gross appearance 
could not designate acid-fast or tubercle bacilli without recourse to the micro- 


TABLE 1 

Esseriiial salt composition of liquid media used for submerged culture 
compared with Long's and Wong’s nonprotein synthetic medium 


REAGENT 

tOKC*— 

1926 

WONG*— 

1936 

KIBSCUXES**— 

1932 

yOPltANS" 

— 19« 

BCSOS**— 

1915 

Disodium phosphate (Na;HP 04 ) i 

0 

0 

3 

lYaOB— 

Neuiral 

0 

6.3 

blonopotassium phosphate (KHiPO^). . 

3 

6 i 

4 

5 

1.0 

Magnesium sulphate (MgSO^) 

1 

1 

0.6 

0.5 

0.6 

Sodium citrate 

0 

0 

2.5 

2.6 

1.5 

Ammonium citrate 

5 

5 

0 

0 

0 

Sodium carbonate 

3 

' 2 

0 

0 

0 

Asparagin 

5 

0 

0.5-5 

! 5 

1.0 

Malate (as acid) 

0 

3 

0 

0 

0 

Glycerol 

60 

50 

20 with and 

20 

Claimed 

Ferric ammonium citrate 

0.05 

0.05 

without 

0 

0 

to.’dc 

0.1 

Sodium chloride 

1 

2 

0 

0 

0 

Tween SO 

0 

0 

0 

0 

0.5 


All add distilled water to make 1,000 cc. of liquid. 

* Long: Am. Rev. Tuberc., 1926, IS, 393. Wong: Am. Rev. Tuberc., 1936, 33, 577. 

** Kirsebner adds 10 per cent serum to some of bis media; Younrans adds 10 per cent 
plasma; Dubos adds bovine V fraction of albumin in bis later media. 

scopic stained smear preparation for verification, and even then the problem of 
acid-fast saprophytes, as distinguished from tubercle bacilli, remained unsolved 
by such procedure. Gross characteristics do not suffice to differentiate, as in 
the case of solid medium cultures where definite characteristic specific colonies 
can be recognized. The criteria to be used for submerged gronth also enter, 
particularly in suspected or planted specimens where sedimentation and con- 
centration may lead to erroneous deductions with liquid cultures. A study of the 
liquid cultures planted with graded amounts of fine suspensions of human 
tubercle bacilli on various modifications of well-Icnown liquids is recorded in 
table 2. 
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EXPEEIMENTAB OBSEEVATIONS 

Hie results recorded in table 2 indicate that definite growth of human tubercle 
bacilli in 0.001 mg. per cc. planting did not occur in less than six days at 37°C. 
This was judged by the stained smear examination of the sedimented bacilli 
settling in the bottom of the receptacle containing a shallow liquid medium not 
exceeding a depth of about one centimeter. The 0.000,001 mg. per cc. planting 
required up to nineteen days for discernible development or growth of the 
bacilli. No striking difference was noted in this submerged growth, regardless 

TABLE 2 

The submerged growth of human tubercle bacilli in various liquid media 


PLANTING IN MILLIGSAUS PEE CGSIC CENTIMETEE 


MEPIA 

lo-» 

10 -s*. 

Time after planting 

Time after planting 










Dubos (without glycerol or 





! 

1 




Tween SO) 

0* 

0 

+ 

s 

0 

0 

0 

0 

0 

Dubos -b plasma 

0 

0 

“f- 

s ’ 

0 ' 

0 i 

0 

-b 

s 

Dubos + serum 

0 

0 

s 

S j 

0 i 

0 

0 

S 1 

s 

Dubos + Tw’een 80 -b glycerol 

1 









-b albumin V 

0 

0 

+ 

s 

0 

0 

0 

+ ! 

+ 

Dubos -b glycerol -b albumin 




1 






V 

0 

0 

+ 

s 

0 

0 

0 

s 

s 

Youmans 

0 

0 

+ 

s 

0 

0 

0 

s 

s 

Youmans -b plasma 

0 

0 

+ 

s 

0 

0 

0 

s 

s 

Youmans -b serum 

0 

0 

+ 

s 

0 

0 

0 

s 

s 

Wong 

0 

0 

+ 

S 

0 

0 

0 

+ 

s 

Wong -b plasma 

0 

0 

+ 

S 

0 

0 

0 


s 

Wong -b serum 

0 

0 

s 

s 

0 

0 

0 

s 

s 


* The designations recorded on the basis of previous liquid culture studies are: 0 = no 
evidence of growth; + = beginning acid-fast skein formation as evidence of initial growth; 
S = definite acid-fast skeins. It should be noted also that the 0 does not indicate the ab- 
sence of acid-fast bacilli for they may be found, and usually are, in the sediment with the 
heavier planting such as 10”® mg. and occasionally up to 10”® mg. per cc. planting. 

** The 10”® milligram planting grew only occasionally after twenty-six days at 37°C. 

of whether the nutrient medium contained Tween 80, human plasma or serum, 
or fraction V bovine albumin, all recently advocated additions. It was noted 
also that whenever submerged growth occurred, a short time thereafter, in the 
majority of shallow liquid tubes, a fine surface film growth occurred. This was 
followed by the appearance of a heavier surface groivth in all media tested except 
those containing Tween 80 which caused sufficient wetting and surface tension 
effects to prevent it. In aU tubes and in those planted and kept in the refrigera- 
tor at 5°C., a tendency toward clumping of the bacilli and the appearance of 
crossed bundles of rods were noted. These phenomena appeared mostly in the 
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10-3 mg. per cc. or more plantings and occasionallj^ in the lO"* rag. plants of 
fine suspensions of human tubercle bacilli and in no wise could be confused uith 
evidences of groui-h and particularly various stages of skein formation. Skeins 
are the ultimate proof of submerged growth if plants with fine properly prepared 
suspensions have been made. "ROien submerged sediment growth occurs in the 
foregoing liquid media, it tends to appear as a film on the side or bottom of the 
glass receptacle wall and finally forms a flocculent whitish sediment, becoming 
more dense with time but scant in appearance and markedly so in weight com- 
pared with surface growth at all times. 

In order to elaborate on the possible effects of the addition of Tween 80,^ a 
surface tension reducing agent, especially on the growth of human tubercle 
bacilli, this agent, in as pure form as available from a batch approved for this 
type of work by Dubos, w’as incorporated in various concentrations into glycerol 
egg yolk medium. After sterilization, the media were planted with varying 
grades of human tubercle bacilli from 1.0 mg. to 0.000,000,01 mg. per cc. The 


TABLE 3 

The effect of Tween 80 incorporated in the glycerol egg yolk medium 
on the growth of human tubercle bacilli 


PEECOENTAGE OE TWEEK 


AMODNT OF TOBESCLE BACO.T.I IK tm.T.TCEAMS PEI CBBIC CESTMEIEI DSEB POE PtASIIKC 


£GG VOLS UESnrU 

1.0 

io-> 

10-* 

itr* 

Control 

2** 

2 

2 

2 

0.1 

2 

2 

2 

2 

1.0 

2 

2 

2 

i ® 

5.0 

2 

0 

i 

0 

1 0 


* Dubos uses 0.02 to 0.05 per cent in the liquid medium. 

** The growth is graded as 0 = no growth, and a numeral indicates the number of weeks 
when growth first appeared. 


results of the growth of the tubercle bacilli at incubator temperature are recorded 
in table 3. 

It is noted from the results recorded in table 3 that Tween 80 does not retard 
the growth of human tubercle bacilli in egg yolk medium, a good nutrient, 
imtil a concentration of one per cent is reached. Then slight retardation of 
small plantings (10-® mg.) is noticeable; and in 5 per cent, it definitely'' retards 
growth in aU but hea^'y suspension plantings (1.0 mg. per cc.). No definite 
effect on colony’- formation of the pure Tween 80 in the amounts added to the 
egg yolk mediiun is noted. This differs from the effect of sodium taurocholate, 
wMch does alter the nature of the gross colony in that it tends to produce in 
higher concentration a smooth gi-easy type of colony. 

In order to compare the results of microscopic avamination of stained smears 
taken from liquid media (as recorded in table 2) with similar smears taken from 

® The Tween SO was obtained through the courtesy of the Atlas Powder Co., Wilmington, 
Delaware. 
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the surface of a good nutrient solid medium, a series of glycerol egg yolk cul- 
tures were planted on this medium, using graded amounts of fine suspensions of 
human tubercle bacilli, and smears were made and stained with the standard 
carbol-fuchsin (pure pararosanilin hydrochloride) method at various intervals 
with the same methods used for the liquid cultures. The results of these findings 
are recorded in table 4. 

As making stained smears from the surface of good nutrient diagnostic media, 
such as the egg yolk medium, is not advised, it is noted that opening a culture tube 
for this purpose is open to criticism. In this experiment, sufficient tubes were 
planted to make these examinations on individual freshly-opened tubes for 
each test so that repetitious examination with danger of contamination and error 
of observation was avoided. Even though it may appear that a few days’ 
time (up to four days) could be saved by making smears from the surface of the 


TABLE 4 


The microscopic examination of stained smears from cultures of human tubercle 
bacilli taken from the surface of the glycerol egg yolk medium 


PLANTINGS or TOBEKCLE BACILLI IN iOLLIGEAMS PEE CUBIC CEOTTMETEE 


IKTEEVAL AITEE PLANTING 


IN DAYS 

io-> 

jo-< 

io-« . 

1 

©* 

© 

0 

3 

© 

© 

0 

6 

© 

0 

0 

9 

4-+ 

+ 

0 

13 

-b-fV 

4-+V 

++ 

16 

+-i-V 

++V 

++y 


* The findings from the examinations of the stained smear microscopically are recorded 
as 0 = no acid-fast bacilli found; © = acid-fast bacilli from the original planted suspension 
were found with evidence of growth or multiplication lacking; + = initiation of growth 
evident with beginning skein formation = definite growth with formed skeins present ; 
V = macroscopically visible growth. 


culture medium, such a procedure would appear undesirable. The saving would 
not be of actual material value and colony formation, which is far more impor- 
tant, would be sacrificed in the tube thus disturbed. An examination of the 
results recorded in table 4 indicates definitely that the examination of surface 
material by the stained smear microscopic method might lead to erroneous 
deductions concerning the presence of viable tubercle bacilli, for the initial 
seeding might be mistaken for the evidences of growth indicated by skein forma- 
tion. It is also interesting that on this good nutrient solid medium definite 
skein formation did not precede macroscopic growth by much more than four 
days at most. Also it is noted that the time of macroscopic growth on a good 
nutrient diagnostic medium, such as the egg yolk, although shghtly slower with 
the heavy plant (10“® mg.), occurred more speedily with the smaller plantings 
(10“® and 10~® mg.) than similar plantings in any of the liquid media studied 
(see table 2). 
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The nature of submerged growth of tubercle and other acid-fast bacilli: In order 
to gain a better insight into submerged growth of human tubercle bacilli and, 
if possible, to grow the bacilli in actual suspension in the Mquid, which “sub- 
merged” and “subsurface” growth up to the present has not implied, or with 
which it has not succeeded, a number of experiments were performed combioing 
solid nutrients with various nonnutrient and nutrient liquids in which the sob'd 
media w^ere completely submerged. The results of such tests are incorporated 
in table 5. 

The results recorded in table 5 indicate that no macroscopic growth of human 
tubercle bacilh, such as is regularly seen on the surface of solid nutrient media 
not submerged in liquids, is noted from these culture tests. It was also observed 
that no macroscopic growth of human tubercle bacilli occurred on the surface 
of the solid medium w^hen covered with liquid, in contrast to the growth regularly 
seen on the surface of such sohd nutrient media when they are not submerged 
in liquid. The submerged growth occurring in the liquid is usuallj’’ found at the 
depth of the liquid in its lowest level as a fine flocculent sediment. In the case 
of the nutrients either contained in the solid medium, which diffuse into the 
liquid, or w'hen the liquid itself is a nutrient for human tubercle bacilh, better 
submerged cultures result (within wide limits of the nutrient) and growth 
usually occurs shortly thereafter on the surface of the medium, particularly 
when egg white is present. Agar (2| per cent) without nutrient was found to 
act as a definite retardant to the growth of human tubercle bacilh in good nu- 
trient liquids in which it was submerged. So far as submerged growth is con- 
cerned from graded plantings with human tubercle bacilli, no advantages were 
seen from this experiment regardless of w'hether the liquid used above, a good 
nutrient sohd medium, was Wong’s medium, broth with glycerol and dextrose, 
Dubos’ glycerol Tween SO, and albumin medium, or potato or egg j^lk extract. 

To obtain further information on submerged growth of human tubercle 
bacihi in a good nutrient liquid medium (Wong’s), with particular reference 
to the site of such growth from different amounts of plants of the bacilh, es- 
pecially in undisturbed tubes and with relation to tlie waUs of the glass recep- 
tacles and the depth of the liquid medium, a niunber of experiments w'ere per- 
formed with elucidating results. The results of an experiment are recorded in 
table 6 in which the hquid depth was varied from 1.0 cm. to 10 cm., using 1, 3, 
6, and 12 cc. of Wong’s gtycerol dextrose mediiun in 15 by 125 mm. pjuex bacteri- 
ologic tubes. Readings w^ere made after one, two, three w'eelrs, and one and 
tw'o months at 37°C. The plants consisted of human tubercle bacilh in fine 
suspensions containing a final concentration of 0.02 mg. per cc. of medium (the 
same concentration of bacilh was planted per cc. of medium without regard to 
volume). 

It is apparent from the results recorded in table 6 that it is difficult to deter- 
mine where growth started in disturbed tubes, whether on the surface or in the 
depth of the hquid nutrient. However, w'hen the tubes are undisturbed and the 
hquid is shallow, not exceeding 1 cm. in depth, much erudent growth can occur 
apparently earher than surface growth fohowing the planting of a fine suspension 


weeks at 37*^0. when these arc recorded hero. There la no practical value to readings made after this time for comparison with submorged cultures. 

The growth after four weeks at 37®C. on the surface of the solids is graded from 0 = no growth to ++ « a definitely positivo macroscopio growth. 

ThogrowTihof tho tubercle bacilli in tho tubes containing the solid medium covered by the liquid is designated by B if a positivo macroscopio surface growth developed on the 
iquid and Sd indicates a positive macroscopic growth below tiio surface of tho liquid and concentrated usually at the bottom at the lowest point. 
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of hirman tubercle bacilli. On the Wong’s liquid medium, the appearance of the 
surface growth follows shortly after the sediment groRdih in shallow liquid and 
far exceeds it in amount. In deeper imdisturbed hquid, however, grovdih only 
appears on the surface of the medium, in the surface laj^ers of liquid, and partic- 
ularly in small amount on the side walls of the tube vithin a few cm. below the 
surface of the liquid, but not suspended in the liquid. The rate and grade of 
growth on the surface of tlie medium on the side walls near the surface were not 
affected by the amount of liquid medium in these small tubes. If the tubes were 
planted with only one drop of fine suspension of human tubercle bacilli contain- 
ing about 1 mg. bacilli per cc., regardless whether 1 cc. to 12 cc. of medium was 
contained in the culture tube, the rate of growth was retarded so that the bacilli 
grew in the 1 and 3 cc. volumes in two weeks, the 6 cc. in three weelrs, and the 
12 cc. in four weeks. The explanation of the wall reaction and grovih may be 
concerned with the presence and liberation of air from the liquid bj’’ surface 

TABLE 6 


The growth of human tubercle bacilli planted in fine suspc7ision in different volumes 
and depths of Wong’s glycerol-dextrose synthetic liquid medium 


VOttrUE AKP OtPTB or UQVW 

1 

MSTUEJJED TUBES 

roroiSTOBBED rOBES 

Period of growth at 37'C. 

Period of growth at 37'C. 

1 

week 

2 

weeks 

4 

weeks 

2 

months 




O 

a 

1 cc. — 1 cm 

+* 

+1 

+3 

4-4 

i 

i + 

+2 

+4 

•4-4 

3 CO. — ^2.6 cm 

+ 

+2 

+3 

+4 

' 0 

2 

■i 

4 

6 cc. — 5 cm 

+ 

+2 

+3 

+4 

' 0 

2 

! 4 

4 

12 cc. — 10 cm 

+ 

+2 

+3 

+4 

0 

2 

1 4 

4 


* The growth is designated bj’- 0 == no growth; -f- = sediment growth; and an added 
numeral from 1 to 4 indicates the grade of surface growth. The sediment growth could 
not be readily graded since it did not appear to increase appreciably as the time interval 
increased except where it apparently settled from the surface. 

contact between the glass and the liquid. This seems to be a possible solution 
since the accumulation of air bubbles can be noted at times in tubes containing 
liquid media alone, but not when planted with suspensions of tubercle bacilli. 

Realizing from these studies that surface tension reducing agents and liquids 
of low specific gravity, well below that of tubercle bacilli, can onij’- result in a 
sedimentation of the bacilli, even in fine suspension primarily to the bottom of 
the liquid containing receptacle, means were sought to prevent this and to sus- 
pend the bacilli efficiently in a liquid to note further the effect of depth upon 
grovdih. Various means were tried including the use of serums, body fluids and 
salts, but none succeeded until an effort was made to find a liquid of specific 
gravity appro-ximating that of moistened tubercle bacilli. It was realized that, 
in growing tubercle bacilli in the past on the surface of liquids, advantage bad 
to be taken of the surface dryness of the material planted or of contained air to 
assist in floating these or, as sometimes performed, the bacilli were deliberately 
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rubbed on the glass surface at the liquid surface level and the grovdng bacilli 
would continue a phase growth there. ^Micre large volumes of liquid wore used, 
sediment growth did not occur. In testing the significance of specific gravity 
in obtaining suspended planting and growth, advantage was taken of a non- 
nutrient, nontoxic material designated as cellulose gum^ and Icnown chemicallj'' 
as sodium-methyl-carboxy-cellulose. The suitable percentage added to the 
Wong’s nutrient medium was G per cent of low viscosit}’' tj’pe in final concentra- 

TABLE 7 


The suspended liquid growlh of acid-fast {"Day") and human tubercle bacilli in Wong- 
ccllulose gum-synthetic nutrient medium 


OBCANISU 

AOD-TABT “day” nACHiOS 

nUMAN TUDEBCLE CACOXI 


lnten*al after 









planting; aod 

amount of 


Interval after plantinf; and 


Planting in 


amount of surface growth 


milligrams 

growth at 
“KIT 

! Suspended growth and 


Bt 37'C. 


Suspended growth and depth 

per cc.tot 

j depth below surface** 






below surface*’ 

mcdlura 

1 









! 72 

96 


1 

' 2 

3 

! 1 

! u 



; hra. 

hrs. 


wk. 

wk. 

wk. 

1 mo. 

1 mo. 


1 

i 4* 

4 

To 2 cm. depth 

0 

! 1 

D 

Q 

3 

Turbid growth ex- 




1 




B 


tending 2 cm. 

0.1 

! 4 

4 

To 1.5 cm. depth 

0 

1 1 

D 

B 

3 

Turbid growth to 2 


i 

1 




i 

■ 

B 


cm. 

0.01 

3 

4 

To 1.0 cm. depth 

0 

0 

B 

B 

2 

Turbid growth to 1 










cm. 

0.001 

2 

3 

To 0.75 cm. depth 

0 

0 

1 

1 

2 

Turbid growth to 0.5 










cm. 

0.000,1 

2 

3 i 

To slightly below 

0 

0 

0 

1 

2 

Sparse growth in 



! 







clusters 

0.000,01 

1 

2 

To slightly below 

0 

0 

0 

0 

0 

Scattered individual 


1 








colonies 

0.000,001 

0 

0 

Scattered coIo- 

0 

0 

0 

0 

0 

Sparse individual 


1 


nies in the liq- 
uid 

1 

1 

1 

1 

1 

colonies 

0.000,000,1 

0 

0 

Scattered colo- 

0 

0 

0 

0 

0 

No growth discern- 




nies in the liq- 
uid 






ible within 2months 


* Growth on the surface of the medium is graded from 0 = no macroscopic growth; and 
4 = a heavy dense growth covering the entire surface. 

** These studies were made with a 15 x 125 mm. bacteriological test tube which con- 
tained 6 cc. of culture medium. This gave a depth of 5 cm. of liquid in the culture tube. 

tion. The cellulose gum had to be dissolved properly before adding to the Wong 
medium to avoid lumping and to obtain a perfectly clear medium. The results 
noted with this medium for obtaining suspended growth and using the acid-fast 
“Day” bacillus, as well as human tubercle bacilli, are recorded in table 7. 

The findings recorded in table 7 indicate that suspended growth of acid-fast 

■* The cellulose gum was obtained through the courtesy of the Hercules Powder Company, 
Wilmington, Delaware. 
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(Day) and Iiuman tubercle bacilli is possible in a nutrient liquid medium (Wong 
Weinzirl) containing a nonnutrient and nontoxic cellulose gum added for in- 
creasing the suspending property of the liquid nutrient medium to a point where 
these bacilli -nTll remain suspended in the Mquid for an indefinite period. Al- 
though surface grovsdh of both acid-fast and human tubercle bacilli occurs nith 
the heavier plants of the graded plantings of fine suspensions of these bacilli, 
scattered submerged suspended growdh occurs mainly in the smaller plantings. 
It is interesting also that, even though the bacilli were uniformly suspended in 
the liquid, growth of the suspended bacilli occurred mainly in the upper depths 
of the liquid in addition to the more profuse surface grondh. The gi’owth under 
the surface of the liquid extended to no greater depth than 2 cm., and growth 
at the bottom of the liquid in a depth of hquid of 5 cm. was never noted in these 
tests. 

It appears obvious that these bacteria, usually classed as aerobes, prefer the 
upper liquid layers, and especially the surface of hquid nutrient media, and 
growth diminishes wdth increase in depth of liquid from the surface to 1 to 2 
cm. when the air tension diminishes to such an extent in the liquid that the air 
requirement for the growth of these bacilli becomes inadequate. Wall reactions 
to glass and other solid materials must be recognized as capable of altering this 
somewhat. It appears also that suitable submerged suspended growth can be 
attained only by taking into consideration means of maintaining an adequate 
specific gravity and viscosity of the nutrient hquid. With the hquid media 
previously described, it is doubted whether submerged suspended growth has 
been attained even though shallow hquid was used for the purpose of obtaining 
successful results. Such growth as has been attained is better designated as 
submerged sediment growth in contrast to true submerged suspended growth at- 
tained as a result of this study. 

sujMjUary and conclusions 

1. As the result of a study of submerged hquid cultures of human tubercle 
bacilli and other acid-fast bacilh, it has become possible to develop a truly 
“submerged suspended” culture for these bacilh, as differentiated from the 
“submerged sediment” culture. The “submerged suspended” cultures were 
obtained by altering specific graxdty and vicosity conditions rather than bj’’ the 
introduction of the surface tension reducing agents pre^dously used by some 
investigators. 

2. No significant advantage for growdng tubercle bacilh in liquid cultures was 
noted for media containing Tween 80, plasma, or serum, over that of a simple 
synthetic nonprotein medium such as the Wong Weinzirl medium containing 
glycerol and dextrose. 

3. Tween 80, added to a good nutrient medium, such as the egg yolk medium 
suited to growing small plants of acid-fast and human tubercle bacilh, was found 
to be toxic to these bacilh only when amounts exceeding one per cent were used 
in the medium. 

4. The microscopic examination of the stained smear to determine the growth 
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of human tubercle bacilli did not reveal an 3 '' particular advantages over careful 
macroscopic observation when a good nutrient solid medium was used. Further- 
more, it was encumbered b}' a technique which might lead to erroneous deduc- 
tions for practical clinical purposes. Likewise, the use of submerged liquid 
cultures, as suggested bj' Kirschner, Dubos, and Youmans’ studies, did not, show 
anj' particular advantages when quantitative planting tests were compared 
uith those noted on solid nutrient diagnostic media such as the egg imlk medium. 
Also, the submerged liquid cultures have manj'- disadvantages in practice and 
are not ad^’iscd for diagnostic purposes at the present time. 

0 . It is doubted whether findings obtained with submerged cultures of human 
tubercle bacilli in liquid media are more readilj’^ tran,slated into in vivo values, 
as suggested by Kirschner some time ago, than are the appropriately evaluated 
and tested surface cultures on solid media. Both require careful evaluation and 
can be interpreted onl}’- as plajdng a small part in the complicated picture of the 
growth of tubercle bacilli in vivo or the development of tuberculosis. Anj’’ 
deductions from cultures alone should be guardedly evaluated. 

G. For the present, it would appear adxdsable to continue the use of good 
nutrient solid media for the bacteriologic diagnosis of tuberculosis, rather than 
to rel}' on the findings with liquid culture media which must of necessity depend 
on the finding of acid-fast bacilli and are not as delicate nor as expeditious in 
use as are the solid media. 

SUMARIO y CONCLUSTONES 

Culiivos lAguidos Suspmdidos Sxmergidos del M. Tuberculosis y de olros Bacilos 
Acidorresislentcs hajo cl Inflvjo de Faclorcs Fisicos y Qulmicos 

1. Como fruto del estudio de cultivos hquidos sumergidos de bacilos tuberculo- 
sos humanos y otros bacilos dcidorresistentes, ha sido posible elaborar un cultivo 
verdaderamente “sumergido y suspendido” de dichos bacilos, distinto del cultivo 
en sedimento sumergido. Los cultivos “suspendidos sumergidos” fueron ob- 
tenidos alterando las condiciones de densidad y viscosidad, mas bien que intro- 
duciendo los reductores de la tensidn superficial previamente utilizados por otros 
investigadores. 

2. No se notd ninguna ventaja significativa cultivando los bacilos tuberculosos 
en forma hquida en medios que contenlan Tween 80, plasma o suero, comparados 
con un simple medio no proteico sint^tico, tal como el de Wong Weinzirl, que 
contiene glicerol y de.xtrosa. 

3. El Tween 80, agregado a un buen medio nutriente, tal como el medio de 
yema de huevo apropiado para cultivar plantillas de bacilos tuberculosos hu- 
manos y acidorresistentes, s61o resultd tdxico para dichos bacilos cuando se 
empleaba en el medio en proporciones superiores a uno por ciento. 

4. El examen microscdpico de los frotes tenidos para determinar la prolifera- 
cidn de los bacilos tuberculosos humanos no reveld mayor ventaja sobre la cuida- 
dosa observacidn macroscdpica cuando se usaba un buen medio sdlido nutriente. 
Ademas, lo grava una tdcnica que podria conducir a deducciones errdneas para 
fines clinicos practices. Tampoco mostrd mayor ventaja el empleo de cultivos 
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Mquidos sumergidos, segun propusieran en sus estudios Eirsclmer, Dubos, y 
youman, al comparar los ensayos de siembras cuantitativas con las notadas en 
medios nutrientes sdlidos de diagndstico, tales como el de yema de buevo. Ade- 
mds, los cultivos Mquidos sumergidos adolecen de mucbas desventajas en la 
prdctica y no se recomiendan para fines de diagndstico por abora. 

5. Dudase que los ballazgos obtenidos con cultivos sumergidos se traduzcan 
mds fdcilmente en valores in vivo, segun indicara Kii-scbner bace algun tiempo, 
que los de los cultivos superficiales en medios sdlidos, debidamente evaluados y 
comprobados. Ambos exigen valuacidn cuidadosa y pueden interpretarse como 
desempenando puramente un pequeno papel en el compUcado cuadro del crecimi- 
ento de los bacilos tuberculoses in vivo o la aparicidn de tuberculosis. Toda 
deduccidn basada exclusivamente en los cultivos debe ser justipreciada cautelosa- 
mente. 

6. Por el momento, parece prudente continuar usando buenos medios sdlidos 
nutrientes para el diagndstico bacterioldgico de la tuberculosis, mds bien que 
atenerse a los ballazgos derivados de medios Mquidos, que tienen forzosamente 
que basarse en el descubrimiento de bacilos acidorresistentes en medios que no 
son tan debcados ni tan expedites para empleo como los medios sdlidos. 
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THE EFFECT OF PHENYLHYDRAZINE IN EXPERIMENTAL 

TUBERCULOSIS^- 

H. J. CORPER AND IMAURICE L. COHN 
INTRODUCTION 

The chemotherapy of tuberculosis has developed into a confusing and com- 
plicated subject, as evidenced by the numerous and inconclusive new concep- 
tions which are based on trmal and frequent!}'’ inconsequential observations 
recorded ■without consideration of the mechanisms involved in such actions. 
Added to this is the incrimination of such features as have evolved around the 
antibiotics particularly, which, though chemotherapeutic agents in the broader 
sense, appear to act primaril}'- as retardants in vitro and are then assumed to act 
in the same way in vivo on an a priori basis. Whether the latter deduction can 
be drawn directlj’’ regarding these agents requires further elucidation. It is 
e’vddent, however, that the intelhgent application of any therapeutic agent must 
be based on a full understanding of the mechanism involved in its action and a 
proper interpretation of its effects on tuberculosis. These criteria must be 
determined by exacting studies which utilize a reliable and clearl}’’ defined 
knowledge of all the vagaries of the tubercle bacillus and experimental tuber- 
culosis, as well as the naturally occurring infection of man. In this respect, and 
this respect only, the modern chemotherap}'' of tuberculosis differs from that of 
decades ago. Thus a revaluation of certain agents may be essential especially 
in the light of the newer methods, newer Imowledge, and the newer interpreta-- 
tion of tuberculosis; and the study of the antibiotics has added to this ma- 
terially. 

The study of even experimentally produced tuberculosis is confused b}"" the use 
of methods which lead to markedly variegated results. These are seen par- 
ticularly when intracutaneous or subcutaneous methods of infection are applied 
even to the highly susceptible guinea pig. It was for this reason that Koch, in 
his early tuberculin testing work, resorted to the use of large numbers of guinea 
pigs in order to obtain animals suitable for such testing. From the use of these 
tests, elaborate charted systems of organic involvement have developed which 
are time-consuming to the reader and add little to the interpretation of the 
ultimate results. In an effort to obwate this as far as possible and to simplify 
chemotherapeutic testing, it was found that the use of the intravenous injection 
technique, introduced in 1945 (1), proved invaluable for the interpretation and 
evaluation of chemotherapeutic and antibiotic agents. The intravenous method 
also added the criterion of lethal effects from tuberculosis which could not be defined 
accurately by other methods and, although apparentl}'- drastic, made chemo- 
therapeutic effects ewdent speedil}’- and decisively (2, 3). It is ewdent from 
prevnous studies that tuberculosis of the guinea pig as a whole, or of any par- 
ticular animal species, including man, is affected b}-- a great many factors, some 
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of which are conspicuous and some, almost insignificant. These factors de- 
termine the outcome of an infection with tubercle bacilli in regard to amount and 
virulence of organisms, and are markedly variegated as the time factor increases. 
In some species, including man, the time factor looms large and the persistence 
of viable bacilli is almost indefinite, death being the consummation of innumer- 
able factors, sometimes even trivial ones when viewed independently. To 
obviate this, certain set laboratory conditions for experimental purposes must 
be met. Lilcewise, in an appropriate experimental setup, tuberculous involve- 
ment, under not too protracted conditions, can prove of significant value. Cau- 
tious interpretation makes it appear desirable to study agents which apparently 
act on the same general mechanisms, but which act profoundly differently on 
tuberculosis. 

In 1945 (1) it was reported that diasone and the sulfone drugs acted indirectly 
on tuberculosis in the guinea pig by affecting the oxygen mechanism in the body 
of this animal in a way which could not be duplicated practically in man. 

In 1929 Kuroya (4) and Aold (5) studied the aromatic amines and hydrazin 
drugs, and phenylhydrazinehydrochloride in particular, because of their tuber- 
culostatic action in vitro. With a recognition of their ability to produce marked 
anemia, they state, “accompanying the proliferation of myeloic and erythro- 
poetic cells of the bone marrow, myeloid metaplasia and erylihropoiesis in the 
spleen, liver and lymph nodes of experimental animals, and at the same time 
brings about the hyperplasia of the reticuloendothehal system. . . . And the 
reticulo-endothelial system plays an important role in the formation of the 
tubercle.” They note “the anemia caused by these substances may not be the 
primordial factor, but the substances themselves may be the principle factor,” 
suggesting a direct chemical retardant action on the tubercle bacilli as significant 
in the effect obtained. The tuberculosis in the phenylhydrazinehydrochloride 
(large doses) injected animals was distinctly milder than that of the controls. 
Small doses of phenylhydrazinehydrochloride were not successful in showing 
this effect. On the other hand, repeated bleeding of the guinea pigs (“causing 
ohgocythaemia and erythropoiesis like phenylhydrazine but the mechanism of 
action differing”) exerted no influence on the tuberculosis. Sollmann (6) points 
out that phenylhydrazinehydrochloride produced blood picture changes ad- 
vancing to pronounced anemia. It has little effect on hematopoiesis, causes 
hyperplasia of the spleen and slight hyperplasia of the leukoblastic elements of 
the bone marrow, but it has no primary effect on the erythroblastic elements nor 
on the platelets, and the reticuloc 3 t;es tend to increase. The anemia essentially 
is caused by hemolysis of the mature red cells. 

In view of this observed apparent effect on the tuberculosis and on the animals’ 
blood systems, it was considered advisable to attempt a verification and elabora- 
tion of these findings. Accordingly, phenylhydrazinehydrochloride, as a typical 
example of this group of chemicals, was studied both in vitro and in vivo for its 
effect upon the tubercle bacilli and experimental tuberculosis, bearing in mind 
the experiences vath recent chemotherapeutic and antibiotic agents and applying 
specially developed test methods. 



232 


CORPEB AND COHN 


JIATEHIADS AND METHODS 

A cheroically pure piien3’'lliydrazmeliydrocIiIoride (Eastman Kodak Company) 
was used for all the following observations. Because of the recent stress placed 
on retardant action (bacteriostasis) rather than the tuberculocidal action em- 
phasized in chemotherapeutic studies of several decades ago, the phenj^ihydra- 
zinehydrochloride was added to a simple nonprotein synthetic medium in varying 
amoxmts. Acid-fast saprophytes and human tubercle bacilli were then planted 
and growth at incubator temperature (37°C.) noted, with the results recorded 
in table 1. 


EXPERIMENTAI, OBSERVATIONS 

It is evident from the findings recorded in table 1 that phenylhydrazinehydro- 
chloride is a definite retardant to both an acid-fast saprophyte and the human 
tubercle bacillus. Concentrations of 0.05 mg. per cc. retarded growth in a 
simple synthetic nonprotein nutrient medium. This medium is usually con 

TABLE 1 


Effect of phenyThydrazineJiydrochloride on the growth of an acid-fast saprophyte and the human 
tubercle bacillus planted in a simple synthetic nonprotein medium (Wong-Weinzirl) 


AMOUNT or PHEinXETDKAnNEirVDRO- 
CBioaJDE ADDED IN KO. PEE Ca 

OF KEDIUM 

j nnPE or ixsr oscanisvs (0.02 uo. fex cc .) fissttd 

Aad-fast saprophyte (“Day") 

Hama tabercle bacilli 

Control 0 

+-f +* (in 2 days) 

4-i-f (in 3 weeks) 

0.005 

+++ (in 2 days) 

-f (in 4 weeks) 

0.01 

4* (in 2 days) 

4- (in 6 weeks) 

0.05 

0 (after 4 daj's) 

0 (after S weeks) 


* The amoimt of growth is indicated as 0 = no visible growth, to +-f + = a hea^■y 
growth covering the surface of the medium. 


sidered to be a relatively poor nutrient requiring heat'y plantings of these bacilli 
to obtain a successful growth. The retardant concentration of phenylh}’’- 
diazinehydrochloride also compares favorably in value with such tuberculostatic 
antibiotics as streptomycin, which give a retardant value in plain broth of 0.001 
mg. per cc., considered the standard unit of streptomycin, while the amount 
required to retard in the same synthetic medium used in these tests and with the 
same plantings of these bacilli is five to ten times as much, or about 0.01 mg. 
per cc. (7). With this in mind, it becomes e\ndent that from the retardant value 
in miro it might be expected that a retardant effect upon tuberculosis in vivo 
is a possibilit}'-. In view of the fact that the to.’cicit}’- of phenylh 3 'drazine is 
complicated by the factors of blood and organic effects, a direct analysis of an 
in vivo retardant action becomes markedly complicated. For this reason, the 
in vivo effects of phenylh}'drazineh 5 ^drochloride were studied by initiating the 
treatment with small doses (2.5 mg. per 300 gram animal by subcutaneous 
injection of a water}' solution) and gradually increasing this to about 15 mg. per 
animal, which approximated the maximum tolerated dose. The purpose 
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primarily was to reduce tlie erythrocyte count and maintain it at approximately 
the three million per cu. mm. level, helow which amount the guinea pigs usually 
succumb to the fatal effects of the phenylhydrazinehydrochloride. 

TABLE 2 


The effect of phenylhydrazinehydrochloride on the tuberculosis produced by 
the intravenous injection of 1.0 nig. virulent human tubercle bacilli 


GUINEA TIG 

ESYTHEOeVTE COUNT 

AT STAStT TES CU. lOf. 

EEYTnXOCVTE COUNT 
THREE WEEKS ATTER 
treatment per cu. mm. 

DEATH 

IN DATS** 

WEIGHT 
or SPLEEN 
IN CRAMS 




20 

6.5 

Onnt.rnl 2 



23 

2.2 

Oont.rol 3 



23 

2.7 

Oontml 4.* 



23 

3.9 

Oontrol 5 

1 


26 

4.8 

Treated* 1 

5.73 X 10‘ 

2.59 X 10' 

18 

13.9 

TrftAtfifI 2 

G.30 X 10‘ 

3.55 X 10' 

20 

8.8 

Treated 3 

7.28 X 10» 

2.81 X 10' 

20 

7.4 

Trfifitfifi 4... 

6.67 X 10» 
6.47 X 10‘ 

2.74 X 10' 

21 

8.5 

Treated 5 

3.25 X 10' 

22 

3.7 



* These guinea pigs were started on treatment two weeks before infection with 2.5 mg. 
phenylhydrazinehydrochloride and the treatment dose was increased every other day until 
the maximum of 15 mg. was attained after about two weeks. The animals were then 
maintained at this low erythrocyte level throughout infection with lesser and appropriate 
doses of phenylhydrazinehydrochloride. 

*• All the guinea pigs revealed a pulmonary miliary tuberculosis at the time of death. 


TABLE 3 

The effect of phenylhydrazinehydrochloride treatment on tuberculosis in the guinea pig 


GUINEA PIG 

! ERYTHROCyiE COUNT PER CU.MM. 
BETOBE INPECTING 

EETTHSOCYIE COUNT PEE CU.UU. 
ONE WEEK APXEE DWECIION 

DAYS APTER IN> i 
PECIION WHEN i 
GUINEA PIG 1 

DIED* 

WEIGHT OP 
SPLEEN IN 
GRAMS 

1 

6.15 X 10' 

1.65 X 10' 

8 

4.8 

2 1 

5.24 X 10' 

2.03 X 10' 

9 

3.5 

3 

6.92 X 10' 

1.83 X 10' 

10 

5.1 

4 

6.56 X 10' 

2.00 X 10' 

14 

12.0 

5 

5.21 X 10' 

1.96 X 10' 

16 

10.0 


* The controls noted in table 2 apply here also. These guinea pigs were given 15 mg. of 
phenylhydrazinehydrochloride coincident with infection and every other day for one week 
and then at weekly intervals until death. All the animals treated were profoundly jaun- 
diced. 

Phenylhydrazmehydrochloride treatment was tried in a number of different 
dosages and at different intervals of infection. The results of some of these 
findings are recorded in tables 2 and 3. In all cases, the animals were carefully 
controlled for phenylhydrazinehydrochloride action by repeated erythrocyte 
counts at three day intervals. 
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An examination of the results recorded in table 2 indicates fairty definitely 
that the cautious use of phenylhj-drazmehydrochloride in amounts affecting 
the erj’throcjies, as indicated by the erj-throcsde coimt in the animals used for 
test, is without appreciable effect upon either the anatomical tuberculous involve- 
ment of the organs or upon the life dmation of the guinea pigs after intravenous 
infection with virulent human tubercle bacilli. Tire average duration of life of 
the control animals was twenty-three days, while that of the phenylhydrazine- 
hydrochlofide-treated animals was twenty daj^s. The erythrocjdes had been 
reduced about one-half bj’’ the drug treatment, and the spleen had increased in 
the infected-treated animals to 8.5 grams, in contrast to an average splenic 
weight of 4.0 grams for the untreated infected controls. This splenomegaly 
in itself served to mask the tuberculosis in the spleen and may \mder certain 
circumstances lead to erroneous deductions. It is evident also from this and 
similar experiments performed vdth phenylhydrazinehydrochloride tliat the 
mechanism of action differs materially from that of the sulfonamide and sulfone 
drugs, including diasone, and may be assumed to stress the importance of the 
intimate action of each on the blood and ox5’'genating mechanism of the animal 
bod5'' and its compensatory powers. PhenyIhydrazineh3'-drochloride is definite^ 
an erythrocytic poison, while the sulfonamide and sulfone drugs onlj’- affect this 
system in a less drastic manner, acting primarily on the oxygenating mechanisms 
directly. 

In the hope of obtaining a retarding effect on the tubercle bacillus directl)^ 
an additional experiment was performed, using larger doses of phenylhj'’drazine- 
hydrochloride bj' subcutaneous injection. It became evident, however, that 
no such effect could be obtained, as is illustrated in table 3 , which also contains 
data disclosing the resulting profound organo-to.vic and lethal action of the 
drug. 

It appears from the resrdts recorded in table 3 that phenylhydrazineh3'dro-' 
chloride is too toxic to be able to attain a retardant concentration toward the 
tubercle bacillus in the body. It further appears that the toxic organic and 
blood effects of the drug are not of significance, even though profound, so far as 
affecting either the tubercle bacillus or tuberculosis m vivo are concerned. Tlie 
marked splenomegaly noted is an effect on the entire hemosplenic system and 
differs decidedly from that of the sulfonamide and sulfone drugs, particularb' 
diasone, as weU as the effects of certain antibiotics such as streptom3’'cin. Tlie 
short duration of this experiment and profound organic effects with consequent 
marked jaundice are to be attributed primarity to the phenylh5’-drazineh3’'dro- 
chloride action and not to the tuberculosis. 

SUMMARY AND CONCLUSIONS 

The recent scientific interest in the action of sulfonamide and sulfone drugs, as 
well as the retardant antibiotics, upon tuberculosis has renewed the desire for an 
explanation of the mechanism involved in such effects as are seen particularly 
in experimental animals where controlled tests can be performed. Phcn5'l- 
hydrazinehydrochloride comes in the category of a drug possessing specific 
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effects upon the erythrocytic system with the production of a definite hemolytic 
anemia and exerts as well a retardant in vitro effect upon the growth of acid-fast 
saprophytes and human tubercle bacilli. Therefore, it appeared desirable to 
study the reputed retardant effect of phenylhydi-azinehydrochloride on e.xperi- 
mentally controlled animal tuberculosis, using methods emphasized as a result of 
the recent advances made in the study of the antibiotics. Contrary to previous 
reports, phenylhydrazinehydrochloride, though producing a definite hemolytic 
anemia and specific organic changes in the guinea pig, was not capable of re- 
tarding the tuberculosis in this animal, nor did it delay the lethal effect of virulent 
human tubercle bacilli introduced intravenously. However, the splenomegaly 
resulting from the phenylhydrazinehydrochloride treatment may mask the 
tuberculosis normally appreciable at postmortem in this organ. These observa- 
tions also point to a difference in the mechanisms involved in the chemothera- 
peutic and antibiotic actions on tuberculosis particularly discernible for the 
different groups of chemical substances. 

STIMAHIO Y CONCLUSIONES 

El Efecto de la Fenilhidracina m la Tuberculosis Experimental 

El interfe cientifico despertado recientemente en la accidn de los sulfonamides 
y las sulfonas, as! como en la de los antibidticos retardadores, sobre la tuberculo- 
sis ha renovado el deseo de encontrar ima explicacidn del mecanismo que inter- 
viene en los efectos observados en particular en los animales de experimentacidn 
en los que pueden ejecutarse ensayos comprobados. El clorhidrato de fenilhi- 
dracina figura en la categorla de las drogas que muestran efectos especfficos sobre 
el aparato eritrocitario, produciendo una anemia hemolitica bien definida, a la 
vez que ejercen efecto retardador in vitro sobre la proliferacidn de los saprofitos 
acidorresistentes y los bacilos tuberculosos hiunanos. Por lo mismo, parecio 
conveniente estudiar el supuesto efecto retardador del clorhidrato de fenilhidra- 
cina sobre la tuberculosis experimentalmente comprobada en los animales, 
utilizando las t^cnicas puestas de relieve por los recientes adelantos logrados en 
el estudio de los antibidticos. En contraposicidn a previas commiicaciones, el 
clorhidrato de fenilhidracina, aunque produciendo anemia hemolitica bien defi- 
nida y patologla organica especlfica en el cobajm, no se mostrd capaz de retardar 
la tuberculosis en dicho animal, ni tampoco demord el efecto letal de los bacilos 
tuberculosos humanos introducidos endovenosamente. No obstante, la esple- 
nomegalia resultante del tratamiento con clorhidrato de fenilhidracina puede 
enmascarar la tuberculosis normahnente apreciable en la autopsia en el bazo. 
Estas observaciones tambidn senalan una diferencia entre los mecanismos que 
intervienen en las acciones quimioterapdutica y antibidtica sobre la tuberculosis, 
diferencia esta en particular discernible para los diversos grupos de sustancias 
qulmicas. 
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TUBERCULOSIS IN THE FEEBLEMINED^ 

PETER A. THEODOS* 

The associated physical inferiority in the mentally defective has made the 
problem of tuberculosis in institutions for the feebleminded a most important 
one. Many investigators (1, 2, 3) have commented on the excessive mortality 
and morbidity from pulmonary tuberculosis and most agree that the death rate 
is four to seven times higher in the mentally defective than it is in the nondefec- 
tive population. 

This fact was borne out by an investigation of the causes of death during the 
years 1932 to 1938 at the Pennhurst State School for the Feebleminded. In this 
large state institution, containing 2,400 beds devoted to the study, care, treat- 
ment and education of mentally defective boys and girls, it was found that, on 
an average each year, 28.4 per cent of deaths were caused by tuberculosis. 

In order to study the problem in detail and to segregate the active cases of 
pulmonary tuberculosis which acted as foci of infection, a survey of the entire 
institution was carried out in 1938 and 1939. The work was interrupted during 
the war years, but was subsequently resumed. 

The present report deals with the findings of the original survey, the present 
status of the then diagnosed cases, and an account of new cases which have 
developed in the interim. 

The original survey was done at a time when mass miniature radiological 
examinations had not attained the widespread use which they now enjoy. In 
the absence of such facilities at that time, recourse was made to the conven- 
tional procedures of tuberculin testing, with roentgenologic studies of all positive 
reactors. A first dose of 0.01 mg. of Old Tuberculin was given, using the Man- 
toux technique. Those who reacted negatively were given a second dose of 0.1 
mg. A chest roentgenogram of each positive reactor was obtained, and, if any 
suspicious findings were present, the patient was hospitalized for a complete 
clinical study. All patients whose sputum contained tubucle bacilli, as well 
as those without tubercle bacilli in the sputum, whose roentgenologic or clinical 
findings suggested the presence of active tuberculosis, were isolated in the 
hospital section for appropriate treatment. 

FINDINGS OF STIRVEY IN 1938 TO 1939 

A total of 1,733 patients were intensively studied. Of these, 1,415, or 81.6 
per cent, reacted positive to either the 0.01 or 0.1 mg. dose of Old Tuberculin 
and 307 (17.8 per cent) were negative to both strengths. The remaining 11 
cases were not tested as they were manifest active cases of tuberculosis. These 
findings axe in close agreement with those of Bums (4), but higher than in 
Bronfenbrenner’s series (5). 

* From the Barton Memorial Division, Jefferson Medical College Hospital and the Penn- 
hurst State School for the Feebleminded. 

- Demonstrator of Medicine, Jefferson Medical College of Philadelphia. 
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The high percentage of positive reactors found is in keeping vith the expected 
high prevalence of tuberculous infection among mental defectives when one 
considers the mortality figures from pulmonarj’- tuberculosis in the institutions. 
This is in marked contrast to the incidence of tuberculous infection in the popula- 
tion in general. A State institution for the feebleminded might veil be con- 
sidered as a community in itself. When compared vith comparable groups 
elsewhere, such as a city community or a public school, a marked difference 
in the incidence of infection is at once noted. Hetherington et al. (6) found 
44.0 per cent positive reactors in the school children of Philadelphia, using the 
Mantoux test (0.01 mg.) and Harrington and bH’^ers (7) found 36.6 per cent 


TABLE 1 

Incidence of positive reactors in relation to the mental status 


STATUS 

TESTED 

posrmx REACToas 

PEE CENT 

Idiots 

431 i 

3S9 

90.2 

Imbeciles 

S39 

682 

81.2 

Morons 

425 

316 

74.3 

Borderline 

38 

28 

1 

73.7 

All Grades 

1,733 

1,415 

81.6 


TABLE 2 

Duration of hospital stay 


STATUS 

POSITIVE 

REACTORS 

AVXEACE STAV 

NEGATI\X 

REACTORS 

A\’EEA0E STAV 



years 


years 

Idiots 

389 

13.1 

42 

5.6 

Imbeciles 

682 

14.3 

157 

3.7 

Morons 

316 

10.7 

' 109 

2.S 

Borderline 

2S 

6.2 

10 

2.9 


reactors in a similar study in hlinneapolis. Other studies ^'ary from a low of 
16.4 per cent to a high of 64.6 per cent (8, 9, 10, 11). 

Analysis of the components of table 1 shows that tuberculous infection is 
more prevalent in the lower grade patients, that is, in inverse ratio to the mental 
status. This would indicate that mental defect in itself is a factor favoring 
the spread of tuberculous infection. 

In table 2 may be seen the length of time the positive and negative reactors 
had been in the institution at the time of testing. It can be seen that the dura- 
tion of stay is on an average 5.2 per cent j'ears longer in the lower two grades, 
where the rate of infection is greater, than in the higher two grades where the 
infection rate is low. Similarly, the length of stay of the negati\*e reactors is 
much less than of the positive reactors. With increase in stay, the opportunities 
for intramural infection are greater and it may be this fact which c.\-plains the 
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greater incidence of infection in the lower grade patients rather than increased 
susceptibility. 

Analysis in reference to the chronological age (table 3) shows that incidence 
of tuberculous infection increases in direct proportion to the age, being liigher 
in the older age groups. This bears out the usual tendency of tuberculous 
infection to increase in its prevalence with advancing age. This phenomenon 
has been noted by a number of investigators (5, 6, 7) including Morse (12) who 
found tvdce as many positive reactors among high school students as among 
grade school pupils. 

Of the 1,415 patients who were tubereulm positive, a total of 142, or 8.2 per 
cent of the total group surveyed (1,733), were found to have lesions characteristic 
of the reinfection type of pulmonary tuberculosis. This included the lesions 
considered as healed or arrested and those which were clinically significant. 
Excluded from consideration is a group of 31 cases showing suspicious roent- 

T ABLE 3 

Incidence of positive reaction at various chronological ages 


ACE PERIODS IN CROUPS 



0-10 

11-20 

21-30 

3M0 

41-50 

Sl-OO 

MENTAL STATUS 


Reactors 


Reactors 


Reactors 


Reactors 


Reactors 


Reactors 
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1 

a 
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Ua 
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V 

-0 

i 

g 



V 

H 

S 

13 

t 

Pm 


:3 

Z 

PM 


X 

Sa 

H 

a 

Z 




& 




Idiots 

6 

4 

66 

179 

160 

89 

149 

139 

93 

71 

67 

94 

15 


100 

4 

4 

100 

Imbeciles. . . 

9 

6 

66 

276 

183 

66 

286 

258 

90 

184 

168 

91 

66 


92 

7 

6 

85 

Morons 

1 

0 


173 

94 

54 

165 

148 

89 

55 

47 

85 


26 

87 

2 

1 

SO 

Borderline. . 

1 

1 


17 

8 

49 



100 

6 

6 


3 

3 


1 

0 

0 

All ages . . 

17 

11 

65 

645 

445 

69 


555 

91 

316 

288 

91 

114 


92 

14 

11 

SO 


genologic shadows which have been considered as probable healed tuberculosis 
of the reinfection type. By a clinically significant lesion is meant one of the 
reinfection type which required of the patient some modification of his mode of 
li\nng ranging from immediate hospitilization to slight reduction of physical 
acti\'ity and periodic observation. These lesions, therefore, varied from those 
obviously active, vith associated constitutional S3'mptoms and abnormal ph3'sical 
findings, to those without clinical c\ndence of activity the stability of which 
could not be determined without subsequent rcaxamination. Pathologican 3 ', 
these lesions presumably included the exudative, e-xudative-productivc, caseous 
pneumonic, and productive types (13). In most cases (he diagnosis was based 
cntirel 3 ’ on the roentgenologic findings, particularly in the lower grade patients 
where ph 3 'sical e.xaminations were very difficult and unreliable. 

Of the 142 lesions, 77, or 54.2 per cent, were clinicall 3 ’’ significant and 6.5, or 
45.8 per cent, were healed cases. For the total sur\ey group, this malccs a total 
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of 4.4 per cent clinically significant lesions and 3.8 per cent considered to be 
healed. These findings are somewhat higher than in Bums’ series (4) in which 
he found an incidence of 2.1 per cent significant lesions. Hamer and Wentzel 
(14) in the Netherlands detected a more or less active pulmonarj’’ process in 3.1 
per cent of their series of 687 inmates. 

When compared with the fi nd in gs in surveys among normal people (15, 16, 
17), this relatively high incidence becomes readily apparent. Bloch and his 
associates (15), on the basis of an extensive review of the literature, both of tMs 
country and abroad, tabulated figures covering over a million examinations taken 
on various cross sections of an apparently healthy population. These workers 
estimated that about 1.5 per cent of the adult population have active pulmonary 
tuberculosis. 

Of the 77 patients with clinically significant lesions, there were 24, or 31.2 
per cent, who were discharging tubercle bacilli as determined by direct smear or 
concentrate of the sputum, or by examination of the gastric contents (table 4). 
All of these patients except one were among the group classed as far advanced. 
In table 4 may also be seen the extent of the disease at the time of diagnosis. 

TABLE 4 


Status of sputum and extent of disease in the clinically significant cases 



imests. 

&mn3£AX. 1 

XOVZUTSZY 

ADVANCED 

TAS ADYASaD 

Cases with positive sputum 

24 


1 

23 

Cases with negative sputum 

53 

22 

21 

10 



Total 

77 

22 

22 

33 




Approximately 70 per cent were in the moderately or far advanced stage when 
discovered. This is in contrast to Butler’s (18) study in CaUfomia in which 
slightly more than 50 per cent of his cases were in these advanced categories. 
In the healed group of the present study, 47 were classed as minimal and 12 as 
moderately advanced. These lesions presumably were of the productive or 
fibroid type which gave rise to no symptoms and no abnormal laboratory findings. 

The greater number of active cases (89.6 per cent) and healed cases (74 per 
cent) wns found in patients in the two lower grades (table 5). These findings 
were to be expected in view of the high incidence of tuberculin sensitivity in 
these groups (table 1). Moreover, it has been observed prior to the survey that 
the major portion of those ill with clinical tuberculosis were residents of the 
lower grade wards. The rate varies in direct proportion to the degree of mcnt.al 
defect, being highest in the idiots and least in the borderline cases. In fact, the 
incidence in the higher grade patients is more or less parallel to that found in the 
extramural population. 

The e.xtent of the disease in the various mental age groups may be seen in 
table 6. In each case more far advanced lesions were discovered than either 
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minimal or moderately advanced. Tliis is undoubtedly due to the difficulty of 
early diagnosis in low grade patients -without frequent routine roentgenologic 
examination. 

In the group of 1,415 tuberculin positive cases which were examined roentgeno- 
logically, a total of 595, or 42 per cent, showed a healed primary lesion as in- 
dicated by calcium depoats in the liilar areas or a Ghon focus. Of these, there 
were 69 cases (4.8 per cent) vith a demonstrable healed Ghon focus in the paren- 


TABLE 5 

Incidence of significant lesions in the various mental groups 


V 

NUMBER 

TESTED 

ACTIVE IXSIONS 

TTFJILED lesions 

Number 

Per cent 

Number 

Per cent 

Idiots 

431 

36 

8.3 

23 

5.3 

Imbeciles 

839 

33 

3.9 

34 

4.0 

Morons 

425 

8 

1.9 

7 

1.6 

Borderline 

38 

0 

0 

1 

2.7 


TABLE 6 


Extent of lesions in various mental age groups 



TOTAL 

MINIMAL 

1 

MODERATELY ADVANCED 

i 

TAR ADVANCED 








Idiot: 




B 

! 

! 


Active 

36 

13 

36 


25 

14 

39 

Healed 

23 

19 

83 

B 

17 

i 

— 

Imbecile: 




IH 

1 

i 

1 


Active 

33 

7 

21 


33 

15 

46 

Healed 

34 

29 

90 


10 

— 

— 

Moron: 


! 


B 




Active 

8 

1 

17 


17 

6 

66 

Healed 

7 

5 

71 

2 

29 

— 

— 

Borderline: 








Active 

1 

i 

— 








Healed 

1 

1 1 

100 

— 

— 

— 

— 


chyma. Only 5, or 0.35 per cent, were diagnosed as having active primary tjqie 
tuberculosis which required hospitalization and observation. 

Five cases of osteal tuberculosis were found; three of the spine and one each of 
the hip and elbow. Pleinisy with effusion was found in only two cases. 

The family history of the 1,415 patients intensively studied revealed a kno-wn 
family incidence of tuberculosis in 7.2 per cent and of mental disease in 41.0 
per cent. These figures are probably conservative as many of the case records 
were inadequate in detail as regards the past history of the patients. 
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PRESENT STATUS OP THE CASES DETECTED IN 1938 TO 1939 

The survey work at Pennhurst was interrupted during the war years but has 
now been resumed. In table 7 may be seen the present status of these patients 
as determined on roentgenologic and clinical evaluation seven j-ears later. It 
can be seen that slightly more than 50 per cent of the active cases are now dead 
from the progression of the disease. In 60 per cent of the cases, death occurred 
within two years after detection of the tuberculosis. As was to be e-vpected, 
the death rate was largest (81.8 per cent) in the cases originallj’’ diagnosed as 
far advanced. In the healed categorj’', 16 out of the 65 cases (25 per cent) hare 
either died or become active, emphasizing again the necessity of continued 
observation of any case diagnosed as healed. Of the active primarj’- cases, 4 
have died; one of a tuberculous meningitis, another of a progi-essive primary 
complex, and the other 2 of nontuberculous causes. The fifth patient now has a 
healed primarj'- complex. 


TABLE 7 

Stains of diagnosed cases seven ycavs after survey 



ACn\T CASES I 

1 

HEALED CASES 

Acmx 

PWatARY 

TUBER-* 

CULOSIS 

EXTRA- 
rUlilOXARY ! 
TUBER- 
CULOSIS 

rLEUKISV 

Trrm 

ETTUSIOS 

Mia. 

Mod. 

adv. 

Far 

adv. 

Min. 

Mod. 

adv. 

Status, 1938 to 1939 

22 

22 

33 

56 

9 

5 

5 

2 

1 

Status 1946: ; 




! 





Dead 

6 

7 

27 

7 i 

1 

2 

1 

2 

Worse 

3 

3 

— 

1 

4 

— 

— 

— 

No change 

— 

1 

— 

27 

B 

— 

3 

— 

Improved 

10 

8 

6 

— 

H 

1 

— 

— 

Discharged or death from 
other causes 

3 

3 

■ 

18 

1 

4 

2 

1 

i 


Both patients with pleural effusion have died as a result of the subsequent 
development and progression of active tuberculous disease. Of the 5 cases of 
extrapulmonaiy tuberculosis, one has died of tuberculous meningitis complic.at- 
ing a tuberculous spondilitis. 

As a matter of interest the group of 38 cases diagnosed as probablj' healed 
tuberculosis was also examined. Of these, 7, or 18 per cent, have developed 
active reinfection tj-pe of disease, a much higher incidence than the patient 
population in general. This probably means that a goodly percentage of the 
cases actuallj' had significant lesions at the time of initial examination. 

EPIDEMOLOGIC.A.n ASPECTS 

The source of tuberculous infection at Pennhurst can roughly be di\'idcd into 
the two groups, extrinsic and intrinsic. Under e.xtrinsic can be classed the 
infections brought into the institution by patients who are infected at time of 
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admission and those introduced by contact with visiting relatives and friends. 
Intrinsic, on the other hand, is used to designate, cross-infections from infected 
inmates and employees. 

Analysis of the 78 deaths from tuberculosis during the years 1932 to 1935 had 
shoAvn that 15 per cent of the deaths had occurred one year or less after admission, 
suggesting that the disease had been present at the time of commitment. An 
opportunity for determining this was afforded on completion of the survey, 
for a routine of tuberculin-testing all new admissions and obtaining chest roent- 
genograms of the positive reactors had been instituted. During the years 1938 
to 1939, a total of 281 new patients were admitted to the institution. Of these, 
91, or 32.4 per cent reacted positively to the tuberculin test (0.1 mg. Old Tuber- 
culin), which is in marked contrast to the 81.6 per cent positive reactors in the 
original survey group. Three or 1.1 per cent of the new admissions were found to 
have clinically significant lesions, a much lower incidence than the 4.4 percent 
noted in the survey. In the years following, the preliminary tuberculin testing 
was dispensed vfith and all new admissions were examined roentgenologicaUy 
as a routine. From 1940 to 1946, a total of 1,359 new patients were admitted 
with 14, or 1.03 per cent, showing significant lesions. These figures show the 
value of routine roentgenologic examination on admission to weed out the infec- 
tious cases. 

The findings presented above are in keeping with the type of patient admitted 
to Pennhurst and would tend to explain the high incidence of tuberculosis in the 
past. Most of the patient population is drawn from large cities where the 
incidence of tuberculosis in general is admittedly higher than in the rural dis- 
tricts. In Torrance State Hospital, where the patients are drawn from rural or 
country districts, the tuberculosis problem is not so great. Of 108 deaths in that 
institution, only 8, or 7.4 per cent were caused by tuberculosis, whereas at Peim- 
hurst during the same year 28.4 per cent of the deaths resulted from tuberculosis. 

No opportimity for screening the relatives or visitors was afforded, but it is 
certain that some infection was transmitted from them when it is recalled that 
a family history of tuberculosis was noted in 7.2 per cent of cases. 

The major form of intrinsic infection is that resulting through cross-infection 
from infected inmates. The intimate association of patients in institutional 
life permits for greater exposure from unknown and unisolated infectious cases 
than would occur from such cases in the average community. The overcrowding, 
lack of suitable buildings, and inadequate personnel has tended to magnify this 
factor in recent years. 

Plunlcett (19) has amply demonstrated that every case of reinfection tuber- 
culosis which develops during residence in an institution is usually associated 
with the presence of another infectious case in its immediate environment. On 
the other hand, inmates who are not in contact "with open tuberculosis will not 
develop reinfection tuberculosis. These facts were borne out by the present 
survey. The high incidence of reinfection tuberculosis, both healed (3.8 per 
cent) and clinically significant (4.4 per cent), in the patients at the time of 
survey stands in contrast to the rate among new admissions (1.03 per cent) and 



244 


PETER A. THEODOS 


clearly demonstrates the tremendous role of intramural spread of the disease. 

A potent source of intrinsic infection in an}*' institution is the employee person- 
nel. At Pennhurst, 5 cases of active tuberculosis have so far been detected in 
emploj’-ees who had been actively in contact with patients. 

FINDINGS SUBSEQUENT TO THE SURVEY 

Despite the thorough study in 1938 and 1939, fahly hea%y e.\-posure has con- 
tinued within the school, for a total of 48 new cases of active parenchjTnal 
tuberculosis and S cases of pleural effusion, presumabl}’’ tuberculous, have been 
detected up to the end of 1946 in patients who were either tuberculin negative 
or who had had negative chest roentgenograms. This represents an incidence 
of 3.5 per cent in the original group after the then detected cases have been 
eliminated. This may in part be a result of e-xposure to open cases of tuber- 
culosis prior to the completion of segregation. Similarly, 44 cases of active 
reinfection tuberculosis, 8 cases of pleural effusion, and 6 cases of active primarj' 
tuberculosis have been detected in the 1,640 new admissions from 1934 to 1946 
who were negative on roentgenologic examination at time of admission. This 
represents a general incidence of 3.6 per cent in this group, or virtually the same 
incidence as in the old group. 

This high incidence of tuberculosis is reflected in the death rate through the 
years. The percentage of total deaths caused by tuberculosis is presented in 
figure 1. It may be seen that after the survej’’ was completed in 1939, a sharp 
decline occurred, undoubtedly a consequence of the fact that the active cases 
had been isolated and treated. Most of these patients, however, eventually 
succumbed to tuberculosis and the curve attained a new high in 1944 when more 
than 50 per cent of the deaths were from this cause. 

The continued high death rate from tuberculosis was to be expected in view of 
the high incidence of new cases in the old and new groups of cases. The in- 
creased death rate in 1942 and 1944 parallels the greater incidence of active 
cases in these 3 ’’ears. In some measme this can be attributed to the shortages 
incident to the war (material and personnel), and the probable admission of 
undetected active tuberculosis with subsequent cross-infection. Shortage of 
personnel also contributed to delay in clinical detection of active cases until 
thej’’ were in an advanced stage. Actually 47 per cent of the 92 cases detected 
after 1939 were in a far advanced state when the diagnosis was finallj- made. 

The pei-sistence of the high mortalitj' rate after the survc}’’ can also be ac- 
counted for in part bj' the more accurate diagnosis of tuberculosis resulting 
from the more extensive use of roentgenologic examinations. In fact, it is most 
probable that the death rate was higher in the presurvey years than that oflicially 
recorded. 


DEVGNOSIS OF TUBERCULOSIS IN THE MENTALLY DEFICIENT 

It is common c.xperience, amplj' corroborated by McCain (20) and Fellows 
(21), that, after the reinfection tj-pc of tuberculosis has produced lc.sions suf- 
ficiently large to be rocntgcnologically demonstrable, there frequently is a period 
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of tu'o or tliree years before s3Tnptoms appear. Moreover, vhen symptoms do 
appear, more than three-fourths of the patients are either in the moderately 
advanced or far advanced stages. 

The methods of diagnosis commonly applied to normal patients are fullj’- 
applicable only in the higher grade mentallj’’ deficient. In these cases an ade- 
quate history can usuall}’' be obtained and any deviation from the normal easily 
recognized. But in the idiot and imbecile classes the problem is infinitely more 
difficult, due to the inability of the patient to cooperate. No subjective history 
can be given by these patients and the examiner must rely on unexplained loss of 
weight, loss of appetite, and fever unaccountable on some other basis, for the 
first indication that something is UTong. In this institution all patients are 
routinelj’’ weighed only once a month and frequently several months pass before 
the significance of weight loss is recognized. In the cases where cough or hemop- 
tysis are present early, the chances of an early diagnosis are better but fre- 
quently these manifestations reflect the presence of advanced disease. 

PER CENT OF TOTAL DEATHS DUE TO TUBERCULOSIS 
FROM 1932 TO 1946 

PERCENT 



1932 33 34 35 36 37 36 39 40 41 42 43 44 45 1946 

Fig. 1 

Physical e.xamination of the chest can be carried out in some measure as re- 
gards inspection and percussion, but palpation is less reliable and auscultation 
of very little value. It is difficult to get these patients to breathe properly and 
the use of the cough to produce r^es is impossible. Many of the lower grade 
patients become afraid or agitated at time of examination which makes eliciting 
of abnormal signs difficult. 

Routine laboratory studies can be done fairly easily, but sputum examinations 
are seldom possible in the low grade patients for they do not e-xpectorate. How- 
ever, passage of a tube into the stomach can be done fairly easily with a little 
patience; and examination of the gastric contents for tubercle bacilli can readily 
be carried out. In most of the cases of the present study, the bacteriologic diagno- 
sis was established by this method. 

Roentgenologic examination, though not as efficient as in the normal class is 
by far the most accurate and practical method available. By patient and intel- 
ligent handling of the patients, satisfactory films can be obtained in almost all 
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cases. Interpretation' of these films, ho^\'ever, must allow for wide aberrations 
from the normal as regards technical factors and quality of the plates. 

Re%’iew of the diagnosed cases since 1939 has readily emphasized the lack of 
correlation between lesions manifest on the roentgenogram and the s}Tnptoms 
and physical findings. In only 6 of the 92 cases of proven tuberculosis was the 
nature and extent of the disease predicted before the roentgenogram was ob- 
tained. It has been the e-xperience of \drtually all workers in this field that 
earlier detection of tuberculous lesions must depend on more frequent use of 
roentgenologic e.xaminations. 

TRE-A,TMENT OF TUBERCULOSIS IX THE JIENTALLT DEHCIENT 

Treatment of this tj^pe of case must of necessity be modified not only by the 
extent of involvement, but also by the degree of mental deficiency. As a rule, 
no therapy is applicable in the low grade other than isolation and general hy- 
gienic care. These patients are difficult to feed and keep clean and invariably 
show a rapid and progressive doumhill course, hlost of them can be kept in 
bed, but the agitated tj^ie constitute a great problem for tliey roam all over the 
ward contaminating themselves and other patients. 

The use of collapse measures has only limited application in feebleminded 
patients. In addition to the usual criteria for selection of suitable cases for 
collapse therapy the degree of mental deficienc}’- must also be taken into con- 
sideration. In the present study, no attempt was made to give artificial pneu- 
mothorax except in those cases where a certain degree of cooperation could be 
e.xpected. In general, the procedure has been effective in onl}' 20 per cent of 
the cases in which it has been applied. 

Other forms of collapse therapj’’ have even more limited a])plication. Internal 
pneumonolj^ses have been done successfulty in 2 of the satisfactoiy pneumothorax 
cases. No case has been encountered in which thoracoplasty was considered 
ad\dsable. Pneumoperitoneum has been applied in 5 cases with unsatisfactorj' 
results. 


TUBERCULOSIS CONTROL MEASURES 

The original survey and the subsequent studies have amply demonstrated the 
seriousness of the tuberculosis problem in institutions for the mentally deficient. 
To combat this adequately there must be strict adliercnce to definite policic,s 
designed to safeguard the health of both patient and worker alike. Segregation 
and adequate treatment of all inmates with active parenchjunal infection must 
be effected, for most of these patients cannot bo disciplined or taught hygiene. 
It is most desirable to have the infectious cases in a separate tul)crculo.sis ward or 
building adjacent to the infirmarj- or liospital proper. In fact, in planning 
institutions it is essential that at least 5 per cent of the bed capacity bo .cot a.«iclc 
for patients uith tuberculosis. 

Periodic reexamination of all inmate.'’, preferably on an annual b.-usis, must be 
carried out. Patients should be e.x.amincd clinic-ally and, if there i.s the slightest 
suspicion of tuberculosis, a chest roentgenogram should be obtained. Sup- 
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posedlj' healed cases must bo closelj’^ watched so that breakdown of lesions and 
progression Mill not be overlooked. These cases should be routinob' examined 
roentgenologically every year, or more often if indicated. 

.fUl new admissions to the institution, whether patients or employees, should 
be properly examined and should have a routine roentgenogram of the chest. 
All definite and suspicious ciiscs should be admitted to the tuberculosis ward for 
evaluation and disposition. Similarlj', all discharged or paroled patients should 
be examined to prevent a case of active disease from entering into the communit}’’ 
at large. 

Not to be neglected should be improvement in the general hygienic condition 
of the buildings in which patients are housed. There should be less overcrowding 
and better ventilation. This can only be accomplished by expanded building 
programs, either b}’’ remodeling old buildings or erecting new ones. In an}’- 
event, smaller dormitories should be planned to pro\ade less intimate contact 
between patients. 

In view of the current enthusiasm for BCG I'accination, its use must be seri- 
iously considered in tliis t}’pe of patient. If it can be depended upon to produce 
any immunity at all, its value should be immense in institutions where the 
infection rate is so high. It would seem desirable to give all old patients and 
all new admissions who are tuberculin negative the benefit of this vaccination. 

SUMMARY" AND CONCLUSIONS 

1. The clinical aspects of tuberculosis in a 2,400 bed state institution for the 
feebleminded have been discussed. 

2. A total of 1,733 patients were intensively studied. A positive tuberculin 
test (0.1 mg. Old Tuberculin) was found in 1,415, or 81.6 per cent. The rate of 
infection was in inverse ratio to the mental age, and directly proportional to 
the chronological age. 

3. Of the positive reactors, 142, or 8.2 per cent, of the total group surveyed 
were found to have lesions characteristic of the reinfection type of pulmonary 
tuberculosis. Of these, 77, or 4.4 per cent, were classed as clinically significant 
and 65, or 3.8 per cent, as healed. 

4. The rate of tuberculous disease is in direct proportion to the degree of 
mental deficiency, being highest in the idiot class. The incidence in the two 
higher grades (moron and borderline) essentially parallels that found in the 
extramural population at large. 

5. Reexamination of the diagnosed cases seven years after the original survey 
shows that 50.6 per cent of the clinically significant cases are now dead. In the 
healed category, 17.3 per cent have died from tuberculosis and an additional 
17.3 per cent have sho-wn reactivation of their lesions. 

6. Routine roentgenologic examination of 1,640 admissions since the survey 
shows an incidence of 1.03 per cent clinically significant lesions at time of admis- 
sion. Of the remaining, 3.6 per cent subsequently developed either active rein- 
fection type lesions, a pleural effusion, or active primary tuberculosis. 

7 . Three and five-tenths per cent of the original survey group, who were either 
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tuberculin negative or who had normal chest roentgenograms in 1939, subse- 
quently developed an active reinfection t5’pe of tuberculosis. 

8. Five cases of active tuberculosis have been detected in emploj'ees actively 
in contact with patients. Emplo3"ees in this tj-pe of institution are more e.\-posed 
to tuberculosis and constitute a problem for industrial compensation. 

9. The use of BCG vaccination as a proph3dactic measure sliould be considered 
in this type of institution where the infection rate is so high. 

SUMARIO T CONCLtrsiOXES 
Tuberculosis en hs Dibiles Mentales 

1. Hes&anse las fases clfnicas de la tuberculosis en un establecimiento estatal 
de 2,400 camas para d4biles mentales. 

2- En total, se estudid intensamente a 1,733 enSermos. En 1,415 (S1.6 par 
ciento) la reaccidn a la tuberculina (0.1 mg. de T. A.) resultd positiva. El 
indice de infeccidn se mostrd en razdn inversa a la edad mental 3’’ en proporcidn 
directa a la edad cronoldgica. 

3. De los reactores positives, 142, o sea 8.2 por ciento del grupo total estudiado, 
revelaron caracteristicas lesiones del tipo reinfeccidn de la tuberculosis pul- 
monar. De dstas, 77 (4.4 por ciento) fueron clasiBcadas como clinicamentc 
importantes y 65 (3.8 por ciento) como cicatrizadas. 

4. El coeficiente de enfermedad tuberculosa se halla en proporcidn directs al 
grado de deficiencia mental, alcanzando el maximo en la casilla de los idiotas. 
La incidencia en los dos grades mds altos (mordn 3’- limitrofe) mas 0 menos 
paralela la descubierta en la poblacidn extramural en conjunto. 

5. La reexaminacidn de los casos diagnosticados a los siete anos de la cncucsta 
primitiva revela que 50.6 por ciento de los casos clinicamentc importantes 3’a 
ban muerto. En el grupo de los cicatrizados, 17.3 por ciento ban muerto dc 
tuberculosis y otro 17.3 por ciento ban raostrado reactivacidn de sus lesiones. 

6. El habitual examen radioldgico de 1,640 enfermos admitidos desde la 
encuesta revela una incidencia de 1.03 por ciento de lesiones clinicamentc im- 
portantes en la feeba del ingreso. Del resto, 3.G por ciento manifestaron despuds, 
bien lesiones activas de tipo reinfeccidn, derramc pleural 0 tuberculosis primaria 
active. 

7. Un 3.5 por ciento del grupo estudiado primitivamente, que habian sido 
negatives a la tuberculina 0 los ra5’os X en 1939, manifestaron de.spuds una 
tuberculosis activa de tipo reinfeccidn. 

S. Entre los empleados en contacto frecuente con los enfermos se ban dcs- 
cubiorto cinco casos de tuberculosis activa. El personal dc los establccimicntos 
de este gdnero se halla mas expuesto a la tuberculosis \’ plantca un problcma en 
cuando a indemnizacidn profesional. 

9. En estas instituciones en las que el coeficiente de infeccidn cs tan alto, 
debe considerarse al empleo dc la vacunacidn BCG como raedida profildctic.a. 
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AMERICAN TRUDEAU SOCIETY 

Report of the California Tnidcaii Socicli/ 

I3y Harold Guyon Trimble, .M.D. 

The annual meeting of the California Trudeau Society was held at Long Beach, March 
31, 194S, to April 3, 194S. This was the 1948 annual meeting of the California Tuberculosis 
and Health Association, the Clinical Section being under the C,alifornia Trudeau Society. 

The following program was presented: 

Thursday, April 1 
9 A.M. 

Thomas B. Wiper, M.D., Chairman 

Ttthcrculosis of the Skin — Frederick G. Xovy, M.D., Oakland: Doctor Xovy gave the 
various descriptive terms that are used by dermatologists and saiil he felt there w:is need of 
a good clinical classification. The lesions arc mainly divided into localized form.s and 
hematogenous forms. Doctor Xovy described the treatment of lupis vulgaris with large 
doses of Vitamin Dj as spectacular. He believes that this treatment is also of value in 
sarcoidosis. Streptomycin is c.Ncellent for direct infections, such as tho.se on buteliers’ 
hands. 

Tuberculosis of the Genito-Vrinanj Tract — Thomas Conroy, M.D., I’aio Alto. Hetial 
tuberculosis is always hematogenous. When destruction occurs, the.se lesions <lo not heal. 
Surgery is a phase in the handling of a generalized disease. The iiriinary source is pul- 
monary in S2 per cent of the eases. E.vcretory [lyciograms are of value when positive, hut 
retrogrades arc usually necessary. Specimens of urine from each kidney must be obtained 
for study. Retrograde pyelograms in this situation are not dangerous. Some eases of 
renal tuberculosis have been reported to lieal. but these are very rare. Xephrectomy is 
unchallenged as the treatment indicated, even in some cases known to be bilateral, if one 
kidney is very much the worse. Streptomycin is useful in handling these cases, particu- 
larly for the complications. Ultraviolet is helpful. .As far as streptomycin is concerned, 
there is as yet no extensive series available for ev.aiuation. Surgery of a tuberculous kid- 
ney should be <lone under the “protection” of streptomycin. The pyeiograpliic changes 
do not respond to this drug and after stopping streptomycin, the disease in the kidney 
usually progresses. 

Tuhcreiilosis of the E<je — .Me.xaniler Ray Irvine, Jr., -M.D., Los .\ngeles: Dr. Irvine st.ated 
that some allegcil instances of ocular tuberculosis arc definite tuberculosis infections, 
while others are less easily proven. Tuberculin in large lio.ses is ilangerous. It may lie of 
some help in sm:dl doses but one must use extreme care or blindness may ensue. Gold 
salts have no value. Xon-sperific proteins are widely used Sulfones have iieen of some 
he![) in rabbits. Beta r.miiation may he helpful in oeca.sioiial (latienls 
Tiihcrnitosis of the Rone nad .foi/if— Donald M. King, M 1) , San I’ranciseo Doctor King 
pre.sented an interesting group of orthopedic e.a.ses illustrated by a series of photograph-' 
and lantern sliiles. Some of these ca.<es were inistliagnosed at first . Wit h regard t<i ankle-' 
and knees. Doctor King recommends ankylosis, removing the ibsease.l tissue at surgery, 
but not e-xtirfiating the entire joint if po.s.sible. Js[iinal fusion is one of the best operations 
but here the diseased tissue cannot be removed. It is very urgent not to ojierate ahile tie- 
lesions are showing acute manifestations. 

Robert Huntington, .M D., of lex .Vngelc-, disetts-ed the jeithology of tubi-rcu!o-is 
of the skin, genito urinary tract, eye.--, b-iiie. aii-l joint.-, th- clinical neimfestation- of 
which bad been pre-ented in the preceding group of papT- 

iv) 
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2:00 P.M. 

Clinical Section, Cabot Brown, M.D., Chairman 

Bronchogenic Cancer, Diagnosis by Cylological Slttdics of Spulum and Bronchial Secretions — 
presented by Mortimer BeniofT, M.D., with Seymour Farber, M.D., John Frost, M.D., 
Jkliss Miriam Duschkin, all of San Francisco: Doctor Benioff stated that cancer of the lung 
is almost always bronchogenic in origin and that the cells ■ndll exfoliate and follow the nor- 
mal bronchial drainage. They can be detected in 80 per cent of all cases. The first work 
was reported by Welch in 1840. In 1887, cancer particles in the sputum were reported from 
unstained sputum. In diagnosing lung tumors, more adequate methods are needed. 
South American reports on sections of bronchial secretions vary from 65 to 100 per cent 
accurate diagnoses. The method is slow and expensive and requires almost serial sections. 
Some method of wet fixation is required. Papanicolaou has worked since 1913 on vaginal 
smears, and reported some of his cases in 1923. It took until 1943 to stimulate interest in 
pulmonary secretions. Herbert and Clerf of Philadelphia applied the technique to bron- 
chial secretions with satisfaction. 

In the present study, normal cellular constituents were first studied. The investigators 
then studied freshly excised and autopsy material from which surface smears were obtained. 
Diagnostic of malignancy are: first, the aggregate of cells; second, variation of size and 
shape of nuclei ; third, the crowding of the cells; fourthly, large nuclei with little cytoplasm; 
fifthly, irregular nuclei. 

Squamous cell and adenomatous t3T3es arc easy to diagnose. The small or oat cell types 
are difficult to identify from cells normally presdnt in the sputum. Routine study of 200 
autopsy cases of carcinoma of the lung were reviewed and only 101 were diagnosed before 
death. Other diseases may be present. Dr. Benioff and his associates have observed in 
this series 17 cases of coexisting pulmonary tuberculosis and carcinoma. 

Out of 1,176 specimens from 321 patients, there were 62 specimens positive for malignant 
cells, 38 cases proved to be malignant by this method. 

There was one case of a false positive that had atypical macrophages present. Exam- 
ination of sputum is of definite value, whether or not it is obtained through bronchoscopy. 
Fresh sputum is spread on a black background, suitable pieces smeared and fixed immedi- 
ately. No training is required to make this smear, but skill and judgment is required for 
diagnosis. This is a useful procedure but depends upon a well trained pathologist who 
knows tissue cells. 

Pleural-Pulmonary Amebiasis — A. C. Daniels, M.D., W. L. Rogers, M.D., San Francisco: 
These investigators report a high percentage of infection in the United States population 
by amoeba histolytica in the intestinal tract. It is uncommon to spread except to the 
liver. The infection may go from there to the pleura and then to the lung. In treatment, 
surgical drainage had a 50 per cent mortality, surgical drainage plus emetine 15 per cent 
mortality, emetine alone without surgery 5 per cent mortality. There was a prompt reso- 
lution of the pulmonary lesions observed with emetine treatment. The author reviewed 
the literature and reported 6 personally observed cases of pulmonary-pleural amoebic 
disease. 

Therapeutic Pneumoperitoneum in the Treatment of Pulmonary Tuberculosis was presented 
by Harold Guyon Trimble, M.D., and J. Lloyd Eaton, M.D., of Oakland. This report 
represents a study of 407 consecutive cases of tuberculosis treated with pneumoperitoneum 
from 1934 to 1946. The literature was reviewed, the technique was discussed briefly and 
several cases were presented which illustrated the type of disease most suitable for treat- 
ment and the results obtained. The complications were analyzed. Significant complica- 
tions were observed in six per cent of the series. The clinical status of the patients at the 
end of the study was reviewed. 

Including all of the patients with cavities totaling not more than 8 cm. in diameter, 
there was a total of 171 such patients. Ninety-six, or 56 per cent, became arrested and 
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another 27, or 16 per cent, were definitely improved. On the other hand, of the 52 patients 
with ca\fities larger than S cm. only 10, or 19 per cent, became arrested, with an additional 
13 patients definitely improved. This illustrates the fact that the best results are found 
with the single cavities, but the results arc good in all ca%’ities whose total diameter docs 
not exceed S cm. At this point there is a sharp decline in the e.vpectancy of arrest. 

Analysis of the position of the ca\’ity, whether apical, mid-lung, or basal, showed that 
the position in the lung had but little bearing on the results which may be expected from 
pneumoperitoneum therapy. The percentages of each group, those arrested, improved, 
unsatisfactorj' and dead, as compared with the three separate locations of the ca\-ity, are 
extremely close but slightly more favorable results were observed in the treatment of the 
basal camties. 

The authors feel that building on a foundation of bed-rest plus a short period of institu- 
tional care for educational purposes, therapeutic pneumoperitoneum is an excellent pro- 
cedure. They conclude that the purpose of pneumoperitoneum is to acliicve an adequate 
mechanical rise of the diaphragm, thus reducing the pulmonaiy' volume and limiting the 
motion of the diaphragm with ordinary respiration. To be maintained, large weekly 
refills are necessary, guided by fluoroscopy. 

Manometric readings are of minimal value as a guide to the extent of the collapse. 
Phrenic nerve operations are usually not necessary and are used only for specific and 
definite indications, which are few. 

Adequate pneumoperitoneum is a valuable collapse procedure in the treatment of pul- 
monarj' tuberculosis. Their immediate and longtime results amply confirm this. The 
period of complete bed-rest is much shortened, complications are not c.xccssive, and are 
rarely serious. Their indications for pneumoperitoneum thcrapj* have been greatly wid- 
ened because of; (I) the good results obtained; (2) as compared with bed-rest alone, the 
shortened period of complete bed-rest with the resultant economic samng to the p.atient, 
the low e.xacerbation and recurrence rate, the more rapid conversion of sputum, the possi- 
bility of changing to a more radical collapse procedure should the need arise; (5) ns com- 
pared with pneumothorax, the fact that pneumoperitoneum can be initiated in nearly all 
patients, the fact that it is a completely reversible procedure and can be stopped at any 
time without danger of a non-c.xpansilc lung or pleural complictions, the possibility of 
reinitiating it should the need occur, and the relative lack of complications. 

Management of Tuberculosis Effusions and Empycmala — Reginald H. Smart, M.D., Stan- 
ford S. Kroopf, M.D., Los Angeles: These arc defined as any serous effusion having a tu- 
berculosis etiology. The authors believe they are alwnj-s associated with some paren- 
chjTnal disease. This may be shown by the frequency of positive gastric lavage when the 
roentgenogram is negative. Many may be present because of inadequate pncumofhor.ax 
which has been continued too long. Management includes bed-rest under sanatorium 
conditions, removal of fluid, and the introduction of air. The underlying parenchym.al 
dise.ase must be controlled. Streptomycin is not cfrecfi\'e in the local control of fluid due 
to the unfavorable pll of the fluid. Attempts to sterilize the fluid have been largely in- 
cfTcctivc and usually cause marked pleural thickening with non-expansilc lungs. Oleo- 
thorax is not satisfactory when the cases arc followed for a long enough {wriod of time. 
The use of promin intraplcurally m.ay be helpful. Empyema cavities mu.st be obliterated 
by phrenic par.alyses or thoracopl.astics. Pleural decortication i.s po.ssible if the underlying 
pathological lesion h.as been controlled. The authors use promin 5 per cent in distilled 
water (100 cc.) intraplcurally three times each week. Purulent fluid rapidly becomes 
serous and many entirely disappear. Thirteen case.s arc reported. The intrapleur.a! use 
of sulphonamides is not advisable bcc.au.*c of the resultant marked pleural thickening. 

In mixed infection, the authors advise the use of penicillin intraplcurally and penieilh'’ 
plus sulphonamidc.s systemic.ally. Tj-rothricin intraplcurally is not e-flective. l‘I(’e"“r 
flap drainage has not been helpful in the experience of these authors. 

Bronchiectasis Mashed l/u Pleural Emission— AWen Lilienth.al, M.D., Fan Francis-o; Tb.'" 
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speaker presented four cases showing the masking by pleural effusion of definite bronchiec- 
tasis. This complicates the making of an accurate diagnosis. If there is history of bouts 
of pneumonitis and cough and sputum, he advises that the sputum be measured daily and 
estimated as to its character. The author suggests that bronchoscopy and bronchograms 
should be used more frequently in studying patients with pleural effusions. 

Friday, April 2 
9:00 A.M. 

Joint Session: Public Health Section and California Trudeau Society 
Mr. John W. Popovich, Chairman 

Louis E. Martin, M.D., the retiring president of the California Tuberculosis and Health 
Association reviewed the accomplishments of the Association for the past year. 

Treatment of Clinical Tuberculosis by Streptomycin — Arthur M. Walker, M.D., of Washing- 
ton, D.C.: Doctor Walker reviewed 1,775 Veterans Bureau cases from June 1946 to October 
1947. The development of in vivo resistance to streptomycin by the tubercle bacillus 
during treatment was one of the great bars to its more effective use. The present thought 
was that a few initially resistant organisms continue to reproduce and become dominant. 
Complete resistance develops around forty-two days. Streptomycin is useful as a prophy- 
lactic in thoracic surgery when administered four days before and fourteen days after 
surgery. Streptomycin is probably not necessary in thoracoplasty, but in pulmonary 
e-vcision it is very helpful. 

Doctor Walker andyzed 100 cases of acute miliary and meningeal tuberculosis. Sixty 
died and 40 were alive in October 1947. 

The Veterans Administration series of cases of orthopedic tuberculosis was analyzed 
from August 1946 to February 1948. There were 94 patients with 112 lesions : 58 spine, 37 
extremities, and 17 of other bones. Seventy per cent of the series showed some improve- 
ment but this was not striking. 

Forty-nine cases of genito-urinary tuberculosis were treated from October 1946 to 
October 1947. Urine cultures were negative for tubercle bacilli in 69.4 per cent of the group. 
The dose of streptomycin used was 1.8 or 2.0 grams intramuscularly for one hundred and 
twenty days. There was no demonstrable effect on the kidney lesions themselves. 

Doctor Walker reported the results observed in pulmonary lesions in 223 patients at 1.8 
grams daily dose. Improvement in weight, appetite, cough and sputum was prompt, and 
within two weeks there was reversal of the trend of the disease in 85 per cent of these pa- 
tients. In 182 patients with cavities, 25 per cent closed. Thirty per cent of 195 cases 
relapsed after treatment. Tongue, tonsil, and pharyngeal lesions all do remarkably well. 

Tuberculous enteritis, 33 cases : Definite general improvement after only the intramuscu- 
lar use of streptomycin was noted in 33 cases. 

Twenty-eight cases of tuberculous peritonitis (26 proved) were treated, with excellent 
results. Two of these cases had laparotomy after treatment and a normal peritoneum was 
discovered on biopsy. 

Sixty tuberculous sinuses in 12 patients were treated and 59 were healed within one to 
twenty weeks. 

Tracheobronchial tuberculosis, 50 cases: Sixty -two per cent of 50 cases of tracheobron- 
chial tuberculosis were healed, 32 per cent improved and 6 per cent were not improved, on 
intramuscular streptomycin therapy for thirty to one hundred and twenty days. 

The Place of the Practising Physician in the Field of Preventive Medicine was presented by 
Wilson G. Smillie, M.D., of Cornell University Medical College, New York City. This 
was a masterly discussion developing the theme that the primary concern is not with the 
disease, but with a sick individual. 
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2:00 P.M. 

CHnicftl Section, Howard W. Boswortb, M.D., Chairman 

Tuhcrcidosin in Childhood— Uoyd B, Dickey, M.D., San Francisco: The autlior stated he 
had confidence in intradcrmal tuberculin tests, but not in patch tests. Contacts with a 
positive reaction sliould be periodically examined, The dilTcrcntial diagnosis between 
tuberculosis and other conditions is important. The principal source of confusion is 
usually only the roentgcnographic findings and a careful history and adequate study will 
usually define the pathological problem. The speaker stated that in children careful 
attention should be paid to diet because of the growth factor, lie felt that BCG needed 
adequately controlled study for evaluation and definitely should not bo substituted for 
removal of contacts. The general feeling in pediatric circles is somewhat different from 
that apparently being reached among phthisiologists. Pediatricians would receive the 
widespread use of BCG very reluctantly at the present time. 

Endogenous versus Exogenous Rcinjcclion in Tuberculosis— F. M. Pottenger, M.D,, of Mon- 
rovia: The speaker discussed the question of how dependable was the immunity produced 
by a first infection. One must assume that subclavicular lesions arc the result of localized 
motastascs from preexisting foci. lie cited Papwortb and Davos' c.xpcriences as e.vamplcs. 
Doctor Pottenger advocated the use of BCG to stimulate the immunity mechanism. 

A Round Table Conference was held on the use of streptomycin in the treatment of 
tuberculosis, Richard II. Meade, Jr., M.D., Grand Rapids, Michigan, Arthur M. Walker, 
M.D., Washington, D. C., Emil Bogen, M.D., Olive View, and Howard Bosworth, M.D., 
Los Angeles, participating. 


8:00 P.M. 

Clinical Roentgcnographic and Pathological Conference 
John L. Gomportz, M.D., Chairman 

The panel consisted of Reginald H. Smart, M.D., Los Angeles; David Dugan, M.D., 
Oakland; Wilbur Bailc)', M.D., Los Angeles; Chesley Bush, M.D., Livermore; Rufus A. 
Schneiders, M.D., San Diego. A group of interesting cases was presented and discussed. 

Saturday, April 3 

9:00 A.M 

Clinical Section, John C. Jones, M.D., Chairman 
Surgical Symposium 

Pulmonary Resection: A Treatment for Ptdmonary Tuberculosis — Richard H. Mead, Jr., 
M.D., Grand Rapids, Michigan, presented a survey of the various groups of cases reported 
and brought them up to date by personal correspondence. 

A7icsthcsia in Thoracic Surgery — Marshall L. Skaggs, M.D., San Francisco: The marked 
improvements in anesthesia with reference to lung surgery were critically reviewed. 
Surgical Aspects of Pulmonary Calcification — Alfred Goldman, M.D., Beverly Hills, pre- 
sented a group of cases of large pulmonary calcification removed surgicallj^ in which the 
calcification had been largely responsible for the symptoms with resultant benefit to the 
patient. _ 

Surgery of the Heart and Great Vessels— 11. Brodie Stephens, M.D., San Francisco : The 
speaker reviewed the anatomy, surgical approach, and results of treatment in a group of 
congenital cardiac abnormalities. 
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Spontaneous Bilateral Pneumothorax. — 
About 100 cases of spontaneous bilateral 
pneumothorax are to be found in the literature, 
a number of them reported from Argentina in 
the last few years. While the condition is not 
considered serious, many of the cases take a 
turn for the worse, and Oeschli and Miles place 
the case death rate at 55.7 per cent. In the 
case reported here, at Rio de Janeiro, bilateral 
pleuroscopy was followed by intrapleural in- 
jection of dextrose solution, with successful 
results. In both lungs many air bubbles were 
present. An X-ray taken two years after- 
wards showed normal pleuro-pulmonaiy fields. 
— Pneumotdrax espontdneo bilateral simul- 
tdneo: Pleuroscopia e pleurodese hilaterais, 
J. M. Castello Branco, Clin, tisiol., {Rio de 
Janeiro), AprU-June, 1947, 2: SIS. — (A. A. 
Moll) 

Emphysema and Medicinal Aerosols. — ^The 
author reports his experience in the treatment 
of emphysematous patients by the adnunistra- 
tion of aerosols having the property of dilating 
the bronchial passages, presumably by reliev- 
ing spasm of the bronchopulmonary muscula- 
ture. A previous communication was con- 
cerned with their use in asthma with favorable 
results. In this study he treated 21 patients 
with aleudrine alone and 18 patients with a 
combination of aleudrine, idrianol and novo- 
caine. Aleudrine is a very active isopropyl- 
adrenaline, several times more active than 
adrenalin. It is said to relieve dyspnea when 
given orally in the form of compressed tablets, 
but is much more effective and produces more 
lasting results if used as an aerosol according 
to the author’s method and with his special 


apparatus. At first the treatments are given 
daily. Each series of inhalations consisted of 
ten very deep inspirations of the aerosol 
followed by a period of breath suspension and 
then by rapid and deep expirations. Three 
such series are prescribed daily for a month. 
Then they are repeated three times a week for 
two months, twice a week for three months, 
and once a week for four months. The con- 
centration of aleudrine used was three parts 
per thousand. In evaluating the results, pa- 
tients who reported prolonged absence of 
dyspnea, though admitting occasional slight 
difficulty in breathing which soon disappeared 
spontaneously, were classed as 90 per cent 
improved; those who continued to have slight 
dyspnea, expecially after a full meal, easily 
relieved by mild sedatives, were considered to 
be 75 per cent improved; those who continued 
to have dyspnea, especially on effort, which 
however was much less severe and did not 
prevent their continuance of their usual 
activities, were classed as 50 per cent im- 
proved; those who showed some improvement 
but only after prolonged treatment were called 
25 per cent improved. Five of the 21 patients 
treated by aleudrine alone were 75 per cent 
improved, 8 were 50 per cent improved, 3 were 
25 per cent improved, and in 5 the treatment 
failed entirely. In the second series of 18 
patients for whom a mixture of aleudrine, 
three parts per thousand, idrianol 2 per cent, 
and novocaine 2 per cent was used, 3 patients 
were 90 per cent improved, 8 were 75 per cent 
improved, and 7 were 50 per cent improved. 
There were no failures. The author attrib- 
utes these improvements to the increase of 
oxygen in the arterial system and in the tissues 
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resulting from dilatation of the air passages, 
and also to better oxygenation of the Jieart 
muscle itself. — Emphyshne puhnonairc cl 
afrosols midicamcntcitx, Ji. Charlier, Le 
Poumon, Maij-Jvnc, 1947, 3: 199 . — (A. T. 
Laird) 

Sarcoidosis. — ^Twenty-eight cases of sar- 
coidosis, admitted to an Army general 
hospital between July 1 , 1942 and April 1 , 

1946, are rcTOwed. Fifteen of the patients 
were Negroes. The symptoms were.- cough 
in 9 cases, hemoptj'sis in 2, dj-spnea in 11, 
chest pain in 6 , weight loss in G. Enlarge- 
ment of peripheral Ijanph nodes was seen in 26 
cases. The ej’cs were involved in 11 cases. 
Tuberculin tests were done in 25 patients: 
there was no reaction in 21 , a doubtful reac- 
tion in 2 , and in 2 cases there was a wcaklj’ 
positive reaction. The total blood protein 
was elevated in 19 and the globulin was ele- 
vated in 23 of 27 patients in whom such studies 
were done. Blood calcium was determined 
in 16 cases; it was increased in 10. The alka- 
line phosphatase was elected in 5 of 14 
patients. Leukopenia was found in 7 pa- 
tients, eosinophilia in 7. Roentgenological 
studies revealed enlargement of the para- 
tracheal lymph nodes in all patients, enlarge- 
ment of the peribronchial Ij-mph nodes in 25, 
pulmonary parenclijunal involvement in 15, 
pleural effusion in 2 , pericardial effusion in 
one, and osseous changes in the hands in 6 . 
The Ismiph nodes remained discrete, being 
later replaced by fibrous tissue. One patient 
died because of respiratory embarrassment. 
In 2 cases roentgen treatment was given to the 
enlarged lymph nodes, without any effect. — 
Sarcoidosis: A Clinical and Roenigenohgical 
Study of Tu'enty-eight Proved Cases, J. J. 
McCorl, B. H. Wood, J. B. Hamillon & 
D. E. Ehrlich, Arch. Ini. Med., September, 

1947 , SO: 293. — (G. C. Leiner) 

Carcinoma of the Lung. — Over a period of 
twelve years 412 patients with cancer of the 
lung were seen at the Charity Hospital and at 
the Ochsner Clinic, New Orleans. Of these, 
246 underwent surgical exploration and 147 


were subjected to primary pulmonary resec- 
tion. There is a definite increase in the 
incidence of this disease primarily among 
white patients, m'th little or no change among 
Negroes, Appro.vimately 90 per cent of the 
patients were in the fifth, si-xth and seventh 
decades of life; S6.4 per cent were men. The 
right lung was involved in 59 per cent of the 
147 cases of resection. A roentgenographic 
diagnosis of bronchogenic carcinoma was 
made in S2.3 per cent of the 147 cases; 
bronchographic e.xamination was performed in 
47 per cent. The latter method is particularly 
valuable when the lesion is located in the 
peripherj' of the lung or in an upper lobe. 
Bronchoscopj' was performed in 125 of the 
147 resected cases; in 61 instances a positiw 
diagnosis was made by tliis method. Cjic- 
logic e.xamination of the sputum or broncliial 
secretions will prove of increasing importance 
as a diagnostic procedure. Aspiration biopsy 
should not be used since it creates the danger 
of implantation of tumor cells in the needle 
tract. In 66 per cent of the 246 cases in 
wliich an exploratory operation was per- 
formed, a positive diagnosis was established 
prior to operation. Involvement of the 
phrenic and recurrent laryngeal nerves was 
not considered a contraindication to e.xplora- 
tion. The hospital mortality before and 
after 1942 was 46.4 per cent and 19.3 per 
cent, respectively. Empyema developed in 
12.2 per cent of the 147 cases. The average 
hospital stay was 32.3 daj-s before 1942 and 
13.5 daj's after 1942. Of the patients oper- 
ated on five 3 'eare ago or more, 23 per cent are 
still alive, — Primary Cancer of the Lui^, A. 
Ochsner, M. DeBakey & J. L. Dixon, J. A. 
M. A., October 11, 1947, 135: SS1.—{H- 
Abdes) 

Planigraphy in Lung Cancer. — ^Planigraphj' 
(bodj’’ section roentgenographj') is of value as 
a supplementar 3 '' method in the diagnosis of 
carcinoma of the lung. Its accurac 3 ' com- 
pares favorably with other IK-ray methods of 
diagnosis. Of 47 cases e.xamined 63 ' plani- 
graphy, diagnostic failures were noted in only 
5 instances. — Planigraphy in the Diagnosis 
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of Bronchogenic Carcinoma, L. G. liigicr & 
T. B. Merner, .h/i. J. Roentgenol., September, 
1947 , SS: 9G7,—iJ. B. Barber) 

Apical Form of Bronchogenic Carcinoma. — 
Tliere .arc four Pt.npes in the cliniral evolution 
of bronchogenic c.arcinonm situated in the 
.apex: (1) The initial stage, with an apical 
X-ray shadow impossible to distinguish from 
apical pleuri.sy. Diagnosis is almost never 
made in this stage. (9) The .stage of extra- 
pulmonary inva.sion. There are pains in the 
shoulder .and in the medial aspect of the 
homolateral arm. There maj’ be s.vmptoms 
of disturbance of the S3anpathetic s\'stcm. 
(3) Tlie stage of clinical characterization. 
In addition to the above there may be a lower 
brachial paralj'sis, Horner’s sj’ndrome and 
other sjanpathctic disturbances, phrenic nerve 
parah-sis, recurrent nerve pnral.vsis or, in 
left sided tumors, anginal s}*mptoms. iMasses 
may be present in the .supraclancular region 
and in the supra- and subscapular are.as and 
there m.ay be X-raj' evidence of costal and 
vertebral osteol.vsis. (4) The fourth stage is 
alwaj's characterized, barring death from 
intercurrent illness, bj" the signs and sj^iptoms 
of spinal cord compression with paraplegia. 
Tlicse clinical stages correspond pathologicallj’ 
to the e.vtensions of the bronchogenic tumor, 
first within the lung itself, and later to invade 
adjacent neural and bonj' structures. — Im 
forma apical del edneer hronco-pnlmonar, N. 
Romano & R. Eyherabide, Rn. de Inhere, dc 
Peru, January- June, 1947, 24: 9G5 . — (F. 
Perez- Pina) 

Giant Mediastinal Flbrolipoma. — large 
mediastinal fibrolipoma in a man 46 years old 
caused but few sjouptoms at first and was 
diagnosed as a benign intrathoracic growth. 
Suddenlj' a picture of extreme collapse devel- 
oped through the intrapleural rupture of a 
superficial vessel of the tumor. This unusual 
complication and the diagnostic problems it 
raised even while operating make the case 
interesting. The postoperatory course was 
favorable after a fibrolipoma weighing 2,400 
g. (over 5 pounds) was removed. Most 


of flic ca.scs reported in the literature are 
necrop.s.v findings. Complications arc un- 
common and in most of the few cases operated 
the neoplasm weighed less than 500 g. How- 
ever, Watson and Urban in 1944 reported a 
ca.se operated succcssfullj' in which the growth 
weighed 3,100 g . — Fibrolipoma mediastinal 
gigantc: Ilcmotorax por rotura vasadar, G. 
Polliiecr ct 0. A. Vaccarezza, An. Cdtcd. de 
pal. y din. tubcrc., June, 194G, 8 : 14 G. — (A. A. 
^roll) 

Occupational Lung Disease. — The literature 
of disciuscs of the lung caused by occupational 
du.st other than silica is reviewed. E.viJosure 
to mct.allic dusts such as manganese, berj’l- 
lium, vanadium and osmium causes chemical 
pneumonitis. A sarcoid-like sjoidromc maj' 
develop long after e.xposurc to berj’llium. 
Mouldy vegetable matter such as haj', corn, 
bagasse and cotton, gives rise to acute bron- 
chiolitis, but there is no conclusive evidence 
to support the thcorj’ that this is the result of 
a fungus infection. Complex salts of plati- 
num give rise to a form of asthma. The 
incidence of carcinoma of the lung is abnor- 
mallj' lugh in persons exposed to arsenic 
dust. Metals according to atomic weight 
arc opaque to X-ra5’s and dusts such as 
ferric oxide and barium give rise to radio- 
graphic shadows called siderosis and baritosis, 
respcctivelj\ Silver is deposited in the 
clastic laj’cr of arteries of workers e.xposed to 
its dusts. TJie silicates, particularlj' china 
claj", talc, mica, sillimanite and asbestos, 
give rise to various kinds of fibrosis in the 
lung though not to a nodular fibrosis like 
that caused by quartz and silica. Graphite 
appears to be harmless . — Occupational Lung 
Disease, K. M. A. Perry, Thorax, June, 1947, 
2: 91. — (j4. G. Cohen) 

Benign Pneumonoconlosls. — Three men em- 
ployed as o.xyacetylene steel cutters for seven 
to twenty-four years were found on roent- 
genological examination to have discrete 
nodulation or stippling of the lung fields. 
These findings, similar to those described for 
electric arc welding, include: (f) discrete and 
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rather sliarply defined rounded densities of 
more or less uniform size and equal distribu- 
tion in both lungs, (5) no tendency to con- 
fluence of the shadows, (S) hilum shadows 
alwa}^ smaller than would be expected with 
silicosis of this degree (except during in- 
fections). None of the cutters has associated 
progressive tuberculosis which is further 
exidence of primary siderosis with little or 
no silicosis. In these patients there was no 
measurable impairment of lung function. 
Careful postmortem studies of cases of this 
tj-pe may some day show that all that is 
nodular by roentgen-ray e.xamination is by 
no means alwaj*s silicosis . — Benign Pnatmo- 
coniosis Due to Metal Fumes and Dusts, 0. A. 
Sander, Am. J. BoentgenoL, September, 1947, 
S8: S77.~{J. E. Farbcr) 

Hemorrhage In Aberrant Lung Tissue. — 
A case is reported of death as a result of a 
sudden internal hemorrhage. At necropsy 
the left pleural caxity was full of blood. A 
small tumor was found which was posterior 
and slightly to the left of the heart, attached 
to the mediastinum by a short narrow pedicle. 
A ruptured aneurysm surrounded bj' blood 
clot was found on the surface of the tumor. 
The lungs were normal. Sections of the 
tumor revealed collapsed lung tissue with 
persistence of numerous broncliioles and 
blood vessels. The picture was that of long- 
standing bronchiectasis. Tlie case was there- 
fore one of hemorrhage into an aberrant 
segment of lung tissue . — Fatal Hemorrhage 
in Aberrant Dung Tismie, F. D. Hart & A. C. 
Jones, Lancet, November 15, 1947, 2: 7S2 . — 
(A. G. Cohen) 

Congenital Funnel Chest. — The hereditary 
character of funnel chest has been pointed 
out previously. The author reports a group 
of 6 cases in three generations of one family. 
No other abnormalities were apparent. It 
is believed that the condition is inherited as 
a dominant character . — Congenital Funnel 
Chest, H.S. K.Saiiisbury, Lancet, October 85, 
1947, 2: 615.-— {A. G. Cohen) 


Gastric Cysts . — A case of successful remova 
of a large intrathoracic cj-st in a 14-year-olc 
girl is reported. The literature is re\dewed.— 
Intrathoracic Gastric Cysts, E. TT, Davis & 
D. Salkin, J. A. M. A., September 27, 1947, 
13S: 21S.~(H. Abeles) 

Post - tracheotomy Complications. — ^The 
clinical courses of all children having a trache- 
otomy during the four and one half years 
preceding Ma}-, 1946 were carefully obsened 
at the St. Louis Cliildren’s and St. Louis City 
Hospitals. Prexdous obser%'ations had led to 
the belief that mediastinal emply’sema, some- 
times followed by pneumothorax, was the 
result of forced inspiration in the presence 
of an inadequate airway and an incision in 
the neck. It was decided to emploj' pre- 
operative bronchoscopy whenever possible to 
decrease the hazard. Experiments on dogs 
showed that following tracheotomy and upper 
respiratory’ obstruction, air or dye or iodized 
oil was often found to be aspirated into the 
mediastinal tissue spaces, and even the pleural 
space. One hundred and twenty patients, 
all under the age of 10 years, had a tracheot- 
omy for various acute inflammatory and 
mechanical obstructive indications. Dyspnea 
often persisted after the procedure, due to 
lower respiratory obstruction. Seventy-four 
cases were examined by lateral chest films, 
and 25 per cent of the cases were said to have 
mediastinal emphysema. Eighty-two cases 
were examined by’ an AP chest film, and lO 
per cent had a pneumothorax. The adws- 
ability’ of preoperative clearance of the airway 
by bronchoscopy’ or aspiration lias been 
shown by’ clinied data; the bronchoscope may 
even be indwelling at the time of operation. 
About 40 per cent ware bronchoscoped before 
operation; the incidence of mediastinal em- 
physema was 70 per cent greater in those not 
bronchoscoped, and pneumothorax was S 
times as common (these figures are statistically 
significant). The frequent occurrence of 
the two complications indicates their im- 
portance in differential diagnosis during care 
of tracheotomized patients. Diagnosis re- 
quires careful physical e.xamination and use 
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of the X-ray. Treatment consists of o.xygen, 
a clear airway, and judicious aspiration of 
air . — Farther Observatio7}s on Post-Trachcol- 
017UJ Mediastinal Emphysema and Pnaimo- 
(horax, G. B. Forbes, tf. ISahnon <& J. C. 
Hcneeg, J. Pediat., Avg^tst, 1941', 31: 172 . — 
(TF. H. Oatu-ay, Jr.) 

Case-Finding in Reykjavik. — ^Legislation, 
efSciently organized Health Center work and 
the interest and co-operation of the public 
made possible, in the first four months of 1945, 
a tuberculosis case finding sun'ey in Rey'k- 
javik, Iceland, in which 99.32 per cent of the 
entire population of nearly 46,000 persons was 
e-xamined. Children from 1 to 13 y^ears of 
age were tuberculin-tested by the Vollmer 
patch method while pupils between ages 13 
and 20 were given the 3\Iantou.v test with 
P.P.D. Infants imder 1 year were not tested. 
All positive reactors were roentgenographed. 
The remainder of the population was x-rayed 
and tliose with e^ddence of tuberculosis were 
given tuberculin tests. A group of 522 per- 
sons (1.17 per cent) consisting of invalids and 
the aged received only physical and sputum 
examinations. Tuberculous infection as re- 
vealed by tuberculin tests performed on 11,605 
children and adolescents showed a slight in- 
crease up to the age of 12 when 12.4 per cent 
of the boys and 15.7 per cent of the girls were 
positive, and a more marked increase at 14 
with 19.5 per cent of the boys and IS.l per 
cent of the girls infected. At the age of 19, 
44.2 per cent of the males and 45.2 per cent of 
the females reacted positively. There were 
found SOS cases with tuberculous lesions in the 
lungs pre^dously unknown to the Health Cen- 
ter. Tliese included 71 (1.6 per mille) cases 
of active tuberculosis, 75 (1.7 per mille) cases 
of indeterminate acthdty, the 0 %’erwhelming 
majority of which most probably represented 
healed but not exclusively fibrotic or calcified 
lesions, and 622 (15.2 per mille) instances of 
fibrotic and calcified changes. 56.3 per cent 
of the active cases revealed positive bacillary 
findings. 60.3 per cent of the new active 
cases were in the age group 15-30 years and 
8.4 per cent were above 60 years. 68 per cent 


in the indeterminate group were 20 to 40 years 
of age, 6.7 per cent 60 or older. Tlie number 
of fibrotic or calcified cases increased rapidly 
with age, culminating between 60 and 70 years. 
A comparison of the results of this survey with 
that of the ordinary’- work of the Health Cen- 
ter shows that IS.S per cent of all active cases 
and 44.5 per cent of the mdeterminate and 
fibrotic or calcified cases known to the Center 
in November 1945 were found through the 
sun’ey', and that 63 per cent of all cases in the 
age group 50 and over and S5 per cent at and 
after the age of 70 had been unknown before. 
Therefore, if it is impossible to e-xamine the 
whole population of a district, the age groups 
15 to 30 and over 60 y’ears sliould be preferred. 
By combining the prenously known cases with 
those detected by the survey the pre-^'alence of 
the population of Eey’kjax’ik is determined and 
analy’sed as to classification in the various age 
and sex groups. The value of the sun’ey’ con- 
sists not only in the number of cases found but 
in the knowledge gained as to the state of in- 
fection in almost all children, and in the accu- 
mulation of roentgenograms of nearly all the 
inhabitants over 14 y’ears of age. — Tvberculo- 
sis Case-Finding Survey of the Total Popula- 
tian of Reykjavik, leeland, 1945, S. Sigurdson 
& 0. P. Hjaltested, Publ. Health Rep., Nov., 
1947, 62: 1593.— (0. Pinner.) 

Tuberculosis in Benmark. — The author, 
Theodore Madsen, delegate from Denmark, 
presented the report here summarized to the 
permanent committee of the International 
OfiBce of Public Hygiene at its session in May 
and June, 1946. From 1876 to 1945, Den- 
mark had a very high tuberculosis death rate, 
about 30 per 10,000 population. This has 
gradually diminished since 1890 except for a 
temporary increase during the first World 
War. The gradual decrease over the y’ears 
he attributes in part to unproved hy’giene and 
to laws established in 1905 to combat tuber- 
culosis, including the establishment of sana- 
toriums (one bed for every 1,000 inhabitants), 
free treatment, and other measures. Useful 
as they were, these measures had less effect 
in the reduction of the tuberculosis death rate 
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than the improved nutrition and housing of 
the population. During the last World War 
the death rate did not go up, probablj’’ because 
there was no especial scarcit 3 ' of food. It did 
not however continue to fall, after the war, 
the author thinks, on account of the arrival 
in Denmark of infected indiwduals from Ger- 
man 3 '. He reriews also a tuberculosis sun'e 3 ’- 
made in 1933. Extensive tests were made 
using the intracutaneous method (Mantoux). 
Old Tuberculin and PPD were used, 0.01 mg. 
and 1 mg. of the former and 0.005 mg. and 
0.05 mg. of the latter, units adopted in 193S 
by the Commission on Biologic Standards 
(League of Nations). The sun'ey began with 
the examination of school children. At once 
marked differences were noted in different re- 
gions, and it was soon recognized tlmt they 
were related to the prevalence of borne tuber- 
culosis. This was then wide-spread especially 
in the South Jutland. On the other hand, 
there were areas where it had practicaU 3 ' dis- 
appeared due to the method of vacemation 
promoted by Bernhard Bang. In the island of 
Bornholm in the Baltic Sea, there has been no 
bovine tuberculosis for several 3 'ears. There, 
only 7 per cent of positive tuberculin reactions 
were obtained in children seven 3 'ears of age, 
and only 15 per cent in children 15 years of 
age. On the other hand, in the ^dllage of 
Efaderslev in South Jutland, 45 per cent of the 
children reacted at 7 years of age, and 75 per 
cent at 14 years. The mortality, and new 
clinical cases, surprisingly enough, were almost 
the same in the two places. The author be- 
lieves that in Jutland the children received 
protective vaccination by drinking milk from 
tuberculous cows, providing the con's did not 
have mammary or other type of adranced 
tuberculosis. Continued efforts are being 
made, however, to eliminate bo^e disease. 
In the course of the exanunation of different 
population groups, it was found that new cases 
of progressive tuberculosis were rarely found 
in persons who had had positive tuberculin 
reactions, but that those with negative reac- 
tions were more likely to develop climeal dis- 
ease when exposed to infection. The author 


BCG. The light against tuberculc 
prosecuted vigorously in Denr 
armament consists of a networl 
toriums, dispensaries and mobile J 
Gradually the entire population 
reached. Sources of infection are 
lated. Individuals with negative i 
tuberculin are being vacemated \ 
The number of children in Copenh 
to hav'e positive reactions has deer 
12 per cent in 1940 to 6 per cent in 
conclusion, the author sa 3 ’s the bes 
concentrate attention on tliat part ' 
ulation which presents negative n 
tuberculin and to consider the ren 
read 3 ' immunized. There may be ! 
tion whether such a plan would v 
resistance of Danes, who have alreat 
fected, should in the future be dim 
undernutrition or ov'ercrowding.— 
culose au Danmark, T, Madsen, 
April, 19Jt7, 1: SOI, — (A. T. Lairc 

Tuberculin Test Methods. — ^Th 
were 706 West African nativ'e scho( 
and 69 tuberculosis contacts. The 
given both Patch and Mantoux t« 
0.1 mg. of Old TubercuUn). Posit 
were obtained by Patch in 59.9 pei 
by Mantoux in 65.2 per cent. Cor 
agreement was found in 79 cases 
cent) ; this includes 19 cases in wliich 
test gav’e a plaster reaction. The a! 
eludes that the patch test is good fc 
provdded that Mantoux tests are 
the cases showing negative resi 
Tuberculin Test: A Comparison of 
Test and (he Mantoux Test in Wei 
Natives, R. B. T. Baldmn, Brit. J 
July, 1947, 41: 59.— (A. G. Cohen) 

BCG Vaccination . — A ten- 5 'ear sti 
result of BCG vacemation in hum 
was carried out 63 ' the Tice Labor; 
Clinic of the Chicago Municipal Sa 
and the University of Illinois College 
cine. Controls were represented by 
tion similar to the vaccinated one. 
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the tuberculin test became positive was prac- 
ticed when tuberculosis was present in the 
household. The follovdng groups were 
studied: Group I — ^2,831 newborn infants liv- 
ing in the poorest districts of Cliicago but not 
in household contact with tuberculosis. The 
rate of tuberculosis per thousand person-years 
was 3.31 times as great in the controls as in the 
vaccinated. There was one death in the vac- 
cinated group against 7 in the controls. In 
1,159 siblings the tuberculosis rate per thou- 
sand i)erson-years was 5.29 times as great in 
the controls as in the vaccinated. There was 
a suppression of virulent infection in the vac- 
cinated group, but when infection mth viru- 
lent organisms did occur, the lesions were less 
extensive, of shorter duration and calcified 
earlier than the lesions in the nonvaccinated 
group. Group II — 256 newborn infants of 
tuberculous parents. Isolation was practiced 
for the controls and vaccinated alike. This 
group was followed for sLx years. There were 
two cases of tuberculosis in the vaccinated as 
compared to 5 in the controls. There were 4 
deaths in the controls and none in the vac- 
cinated. Group III — student nurses. In 142 
vaccinated muses no case of pulmonaiy tuber- 
culosis developed over a period of seven years. 
In 199 controls 3 cases developed. There were 
3 additional cases in tuberculin-positive reac- 
tors. Group IV — ^medical students. In 109 
vaccinated students no case of pulmonary 
tuberculosis developed. Four cases were re- 
ported in the controls. Group V — children 
in a housing project. In 699 vaccinated chil- 
dren there was no case of tuberculosis while in 
625 controls there were 4 cases. In 275 tuber- 
culin positive reactors there were 2 cases. 
Group VI — 35 tuberculin-negative inmates at 
a mental institution. In 20 vaccinated in- 
mates no case of tuberculosis developed over a 
period of four years. In 15 controls one case 
of bilateral minimal arrested pulmonary tuber- 
culosis was found. The multiple puncture 
method of vaccination was used. Practically 
no complications were seen. Following vac- 
cmation at birth the tuberculin reaction be- 
came 96.6 per cent at the end of one month. 
In young adults 90 per cent reacted to 1.0 mg. 


in two weeks. A positive tuberculin reaction 
following a single vaccination was present in 
92.6 per cent after three and one-half to four 
years in children vaccinated at birth and 88.6 
per cent in student nurses at the end of their 
training, tliree years after vaccination. — BCG 
Vaccination in All Age Groups: Methods and 
Results of a Strictly Controlled Study, S. B. 
Rosenthal, Eleanor I. Leslie (fe E. Loewinsohn 
J. A. M. A., January 10, 1948, 136: 73. — (H. 
Abeles) 

BCG Dry Glucose Vaccine. — ^This is a re- 
view of a report by E. N. Leschinskaja in the 
American Review of Soviet Medicine, Feb- 
ruary 1946, on e.xperiments by Leschinskaja 
and Vakengut of the BCG Laboratory, Cen- 
tral Institute of Experimental Medicine, 
Union of Soviet Socialist Republics. The pur- 
pose was to overcome the perishability of the 
BCG vaccine. It was found that BCG re- 
tains its viability better in a 50 per cent glu- 
cose solution than in any other medium. 
After a month of drying, the number of 
colonies obtamed upon inocculation remains 
constant for several months. The dried vac- 
cines may be stored at room temperature, but 
the best method for storing is refrigeration. 
The glucose vaccine emulsifies readily. A 
standard sterile preparation was obtained; 
the growth of bacilli from this dry BCG after 
16 months of storage is approximately equal 
to that from a liquid vaccine preserved for 2 
months. The dry glucose vaccine, as tested 
by animal vaccination after preservation for 
one and one half years, differs very little from 
fresh liquid vaccine. — Review of the Immuniza- 
tion Value of the BCG Dry Glucose Vaccine, 
{Not signed). Public Health Reports, February 
1947, 62: m.—{0. Pinner) 

BCG Vaccination. — The adequate employ- 
ment of BCG for immunization should not 
consist solely of vaccination. Vaccinated per- 
sons must be tuberculin tested repeatedly and 
protected from infection by tubercle baoiUi 
until they become tuberculin-positive. Noth- 
ing is gained by vaccinating tuberculin-posi- 
tive persons. Even if the test is negative, the 
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person may be in the incubation stage. If 
there is a known recent exposure to tuberculo- 
sis, it is best to defer vaccination for six weeks, 
at the end of wliich time the tuberculin test 
should be checked. There is no harm in toc- 
cinating tuberculin-positiTO persons, but this 
confuses interpretation of the result. The 
sensitivity thus produced lasts from two to ten 
years. BCG TOCcination prowdes only rela- 
tive and not absolute immunity. Tliere is no 
way to distinguish tuberculin sensitiwty pro- 
duced bj' BCG from that caused by tubercu- 
lous infection. In practice, immunity is con- 
sidered to last as long as the tuberculin test 
remains positive. — The Principles of B. C. G. 
Vacanatton, A. J. Wallgren, Lancet, Feb- 
ruary 14,1948,1 SS7.—(A,G. Cohen) 

Adenopathy after BCG. — Four cases are 
reported in which pulmonary tuberculosis 
with cavitation was treated with BCG or 
dead tubercle bacilli administered by intra- 
cutaneous scarification on the thigh. These 
cases sliowed abscess formation and fistuliza- 
tion of an inguinal lymph node two and one- 
half months after scarification. Spontaneous 
regression and closure of the fistula occurred 
within a few weeks. There was no bacterio- 
logical eAudence of secondary infection. The 
development of a caseous abscess after intra- 
cutaneous administration of BCG or dead 
tubercle bacilli is considered an e.\'ceptional 
occurrence since it was found only in these 4 
cases among about 1,000 scarifications. — 
Adenopathies mppur&es produites par applica- 
tions de B.K. marts ou de BCG stir scarifica- 
tions cutanees, E. Coulaud, Rev. de la tuberc., 
1947, 11 S41.—{V. LeUes) 

Multiple Puncture BCG Vaccinating Lancet. 
— ^This apparatus contains 40 phonograph 
needles soldered into a circular brass disc. By 
release of a spring the needles are shot through 
a head plate the necessary distance (adjust- 
able) for adequate penetration of the epider- 
mis. The instrument is 4.3 cm. wide at the 
plate and the overall length is 12.5 cm. To 
vaccinate, the needles are shot through a small 
piece of filter paper or cellophane, wet with the 
BCG vaccine, into the skin. A successful 


"take” would thus consist of 40 tiny papules 
if read approximately three weeks after vac- 
cination. A serious handicap in mass TOccina- 
tion m'th the automatic apparatus is the loss 
of time in sterilizing between each raccina- 
tion. Rapid methods for sterilizing are de- 
scribed. The article includes photo-reproduc- 
tions of the instrument and the appearance of 
the “take.” — A Spring-actmted Mtdliph 
Punclure Apparatus for BCG Vaccination, K. 
Birkhavg, Am. J. Clin, Path., September, 
1947, 17 751.— g. S. Woolley) 

Psychiatry in Tuberculosis. — One function 
of a tuberculosis sanatorium is to teach pa- 
tients a new mode of life. To acliieve this 
effectively requires an understanding of the 
state of mind of the persons involved. Few 
p.atients accept the disease with equanimity. 
Most are in a mood of mild otxrt or concealed 
depression or nn.\iety. Some put on an atti- 
tude of defiance and ultra-cheerfulness. This 
is only a false front against the same arudety. 
The patients may have resentment against 
physicians, nurses, food, etc. Tlie appear- 
ance of these moods depends upon many fac- 
tors including severity of disease, duration of 
illness etc. Upon admission to the sanato- 
rium, the patients enter a new world. Their 
mood is affected bj’’ other patients; some 
frighten, others cheer them. They develop a 
feeling of dependence upon plij-sicians and 
nurses which is often hard to shake. Some 
use the time to broaden their interests; most 
develop very narrow interests of a strictly 
local character. They often become childish 
as a result of the regimentation. In places 
where mingling of sexes is prohibited, undue 
interest in the opposite sex is often aroused. 
In time, they sever themselves from outside 
interests, at the same time developing stronger 
ties to the sanatorium and its population. 
Sanatorium management can be democratic or 
autocratic. Certain procedures are suggested. 
Upon admission, the patient should be inter- 
viewed by a senior staff physician and given 
some idea about the nature of the disease, 
length of treatment, etc. A closer rapport be- 
tween phi-sician and patient is advised. The 
overenthusiasm of the altruistic type of pa- 
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tient should be curbed while the selfish t3^e 
should be encouraged to do more for others. 
Initial mild depressions should not be dis- 
couraged. Those who conceal their anxiety 
should be encouraged to voice their fears. 
Tlie nurses should be trained to understand 
tuberculous patients. Changes of nurses’ 
assignments should be reduced to a minimum. 
Absolute bed-rest should never last more than 
a month. Bedroom amenities such as radio 
and decorations should be permitted. Com- 
patability of room-mates is important. Food 
variety is necessary. Smoking in moderation 
is permissible unless there is laryngeal involve- 
ment. The use of alcoholic beverages is not 
desirable. 'Visiting hours two to three times 
a week are in order, but children should not 
be allowed to visit. No leave should be al- 
lowed for the first four months. For the next 
two months, leave to destinations within a 
limited distance is permissible. After six 
months, leave not exceeding forty-eight hours 
should be granted to selected good cases. A 
fair hearing should be granted to all com- 
plaints. Stimulating occupational therapy is 
essential. Upon discharge, a persorral inter- 
view with a senior physician is called for. 
Female patients should be cautioned against 
becoming pregnant within two years and 
should be given directions as to where suitable 
contraceptive advice can be obtained. — The 
Psychological Aspects of Samtorium Manage- 
ment, G. S. Todd & E. Witthower, Lancet, 
January 10, 1948, 1: 49- — (A. G. Cohen) 

Histoplasmin Sensitivity. — Intracutaneous 
tests with PPD tuberculin, coccidioidin and 
histoplasmin were carried out in 1,220 pa- 
tients. Ninety-six and six-tenths per cent 
were sensitive to tuberculin, 58.6 per cent to 
histoplasmin and 31.1 per cent to coccidioidin. 
Of the entire group, 528 were followed long 
enough for complete observation. Of these, 
117 had acid-fast bacilli in their sputa or gas- 
tric washings and 167 had pulmonary calcifica- 
tions. The patients who were sensitive to 
histoplasmin showed a higher percentage of 
hilar and parenchymal calcifications than a 
similar group of patients who were sensitive 
to tuberculin or coccidioidin. Bone marrow 


studies' in 81 patients who were sensitive to 
tuberculin did not reveal the presence of His- 
toplasma capsulatum. Cultures of material 
from lymph nodes of 11 patients with progres- 
sive exudative pulmonary lesions, positive his- 
toplasmin and negative tuberculin reaction 
were negative. One and seven-tenths per cent 
of the patients were sensitive to histoplasmin 
only, 0.6 per cent to coccidioidin only, and 33.9 
per cent to tuberculin only. The use of the 
histoplasmin sensitivity test is of little value in . 
the differential diagnosis of pulmonary diseases. 
There is a possibility of a benign self-limiting 
infection with Histoplasma capsulatum with 
complete recovery, pulmonary calcifications 
and sensitivity of the skin to histoplasmin. — 
Sensitivity of Sldn to Histoplasmin in Dif- 
ferential Diagnosis of Pulmonary Disease, M. 
E. Groover, Jr., E. A. Cleve, S. Bomstein, A. 
G. Rice, A. F. Galloway & C. P. Macaluso, 
Arch. Int. Med., October, 1947, 80: 499- — (G. 
C. Leiner) 

Histoplasmin Sensitivity. — ^A total of 1,188 
students at a college in South Wales were X- 
rayed. Those with calcification were recalled 
for skin tests. The allergens used were Old 
Tuberculin, histoplasmin, oidiomycin and a 
mixed solution of several other fungus e.x- 
tracts. There were 87 cases which showed cal- 
cification, of whom 82 were tested. Of these, 
67 were tuberculin positive, 15 were negative, 
all of these being cases with calcification only 
at the hilus. All tests mth histoplasmin and 
other fungal allergens were negative. The 
fact that the negative tuberculin tests were 
found in patients with hilar calcification sug- 
gests possible error in interpreting the films. 
It is concluded that pulmonary calcification 
in South Wales is not related to sensitivity to 
histoplasmin or e.xtracts from certain other 
fungi. — Intro-Pulmonary Calcification and 
Histoplasmin, B. H. McCracken, Thorax, 
March, 1948, 3: 4S. — (A. G. Cohen) 

Phthisiogenesis. — Three basic questions of 
phthisiogenesis are submitted to a re-evalua- 
tion: (2) Is phthisis determined by the age at 
which primary infection occurs? (2) Does 
phthisis occur at a definite stage of tuberculous 
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infection? (5) Is plitliisis of exogenous or en- 
dogenous origin? Judging from Paris statis- 
tics the authors were unable to confirm the 
modern theorj’’ according to which phtliisis is 
mostb’- due to a late primar 3 >- infection. 
Among 301 autopsies of patients who had died 
of progressive pulmonarj’- tuberculosis S4 per 
cent showed the presence of old calcified foci. 
Only 15.5 per cent had recent, incompletely 
healed or exacerbated primarj' lesions. Even 
in persons between the ages of 20 and 30, 76.7 
per cent showed old healed primary foci. In 
the paragraph dealing with question no. 2 the 
theoiy of Eanke is criticized in many of its 
aspects. The phthisiogenetic r61e of Simon 
foci is denied. Tlie frequency of an apical 
onset of progressive tuberculosis ("apex” being 
defined in a large sense as the upper tliird of 
the upper lobe) is not attributed to hema- 
togenous seeding but to a phj'siological predis- 
position of the ape.x in adults to implantation 
of e.xogenous tubercle bacilli. Tins predis- 
position is partly explained by the anatomical 
structure of the thoracic cage of the adult in 
contrast to that of the child. The fact that 
frequentlj’' there is an interval between 
primary infection and the development of 
phtliisis would seem to indicate the e.xistence 
of distinct stages of tuberculosis. However, 
in countries vith late primary infection tin's 
interval is often entirely absent — a proof that 
no definite stage has to be reached in order to 
permit phthisis to develop. Phthisis (defined 
as progressive pulmonary tuberculosis) de- 
velops only in a state of diminished resistance 
of the host (the essence of which is as yet un- 
known) . This state is not necessarilj" present 
at the moment of primary infection. The 
occurrence of a primarj’’ infection and the de- 
velopment of conditions which would permit 
it to become progressive have no causal con- 
nection. (f) They may occur at such distant 
moments that the primary lesions are already 
healed. (2) If they coincide primaiy infection 
appears from the onset as progressive tuber- 
culosis. (S) They may occur after a certain 
time-inten^al when the primarj'- lesions have 
not yet become healed. It is believed that the 
controversy regarding the e.xogenous and en- 


dogenous origin of phthisis can be solved by ap- 
proaching the problem as follows; Progressive 
tuberculosis can develop in one of three waj-s: 
(1) through bacilli acquired verj' long ago and 
now originating from healed foci; (2) through 
bacilli acquired i^erj' recently; (S) through 
bacilli acquired in the past which had pro- 
duced latent but unhealed lesions capable of 
gixdng rise at a given moment to progressive 
tuberculosis. The authors consider the first 
variety (development of phtliisis from old 
healed primarj' foci) as almost none.xistent. 
Among 251 autopsies of tuberculous patients 
thej' found possible exacerbation of the 
primarj' complex in onlj' 4.S per cent of cases. 
Simon foci were also mostlj' found sterile in 
the rare instances when tliey were present. 
The existence of the second rarietj' (phthisis 
from recently inhaled bacilli) is considered be- 
yond doubt. In this group belongs progres- 
sive primarj' tuberculosis or cases in wliich re- 
infection leads immediatelj' to phthisis. 
Autopsy findings in the latter cases show the 
coexistence of completely healed primarj' foci 
with e.xtensive lesions. The greatest empha- 
sis is laid on the third varietj' — cases in which 
the penetration of bacilli was not necessarily 
of recent date but where the latent lesions 
were not healed at the moment of develop- 
ment of phthisis. It is considered immaterial 
whether tlie latent lesions are of the primarj' 
type (as in countries with late primary infec- 
tion) or latent reinfection lesions, which is 
more frequent in Paris. It is the incomplete 
healing of these lesions and not their chrono- 
logical phase wliich is the determining factor. 
The incidence of such silent lesions and the 
possibilitj' of progression into phthisis after a 
variable time interval has become more widely 
known with the increasing use of mass X-ray 
sun'eys. But the general and local factors 
determining progression and regression of 
lesions have so far no scientific e-xplanation. 
This last TOrietj' of progressiTC tuberculosis 
would thus be both exogenous and endogenous. 
Its incidence will be determined onlj' after 
greater numbers of indiidduals with latent 
lesions have been followed for long periods of 
time. Tlie main conclusion drawn from the 
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foregoing reflections is the evident great dan- 
ger that exposure to tuberculous infection 
represents during the whole life span, and not 
only in childhood. The great majority of 
latent foci originate after childhood, their 
course being most frequently abortive. How- 
ever, it is those lesions that do not regress and 
heal which are considered as the main origin of 
phthisis. The fight against tuberculosis is 
thus the prevention of infection at no matter 
what age, a fact not enough emphasized by the 
endogenists . — RealiUs et incertitudes de la 
'plitisiogcnhe, P. Ameuille & G. Canelti, Rev. 
de la Tuberc., 1947, 11: S07. — (F. Leites) 

Primary Infection in the Adult. — ^Among 330 
student nurSes between the ages of 19 and 25 
who entered the Lyon nursing school from 
1936 to 1943, 116 were found to have a nega- 
tive tuberculin reaction on initial examina- 
tion. This group of nonreactors was followed 
throughout the training period and as late as 
1947. There was a definite increase in the 
incidence of negative reactions on entry since 
1936; 33 per cent in 1937, 44 per cent in 1943, 
55 per cent in 1946. The follow-up consisted 
of X-rays and tuberculin tests (Pirquet 
method) at four-month intervals. Ninety- 
two (80 per cent) of the initially negative re- 
actors left school with a positive tuberculin 
test. Among these 92 cases, 60 per cent had 
acquired their primary infection within the 
first eight months, 80 per cent after one year, 
90 per cent after eighteen months and 100 per 
cent after thirty months. The subsequent 
fates of these student nurses who had con- 
verted their tuberculin reactions in hospital 
surroundings (except on tuberculosis services) 
were studied. (I) In 71 cases (75.5 per cent) 
the primary infection appeared at the onset 
very benign, either completely silent or with 
very slight symptoms such as transient asthe- 
nia or weight loss. In this group there was 
one postprimary accident, a miliary tuberculo- 
sis developing four months after conversion. 
Further follow-up revealed 4 cases of late 
“tertiary” tuberculosis of the infiltrative or 
cavernous type appearing three to five years 
after conversion. {2) Eight cases (7.5 per 


cent) developed manifest primary tuberculosis 
in an acute form with fever of ten to fifteen 
days’ duration. Among these 8 cases there 
were 2 deaths due to post-primary progression 
of disease (one case of miliary tuberculosis 
and one case of tuberculous meningitis) . This 
group showed no late pulmonary involvement. 
(S) Fourteen cases (15 per cent) developed 
primary tuberculosis with severe symptoms 
and high fever, with or without erythema no- 
dosum. Subsequently 4 cases developed post- 
primary manifestations such as pleurisy and 
pulmonary infiltrations of the type of epi- 
tuberculosis. Only one case of tertiaiy phthi- 
sis developed three years after tuberculin 
conversion. These statistical data seem to in- 
dicate that there is a correlation between clini- 
cal severity of the primary infection and the 
incidence of postprimary manifestations in 
the immediate future. In the group of pri- 
maiy infections with moderate and severe 
symptoms the incidence of postprimary man- 
ifestations was 27 per cent with 2 deaths. 
In the latent or clinically benign forms 
of primary infection there was only one 
case of postprimaiy involvement (1.4 per 
cent). The above statistics do not show any 
correlation between • clinical severity of pri- 
mary infection and the subsequent occurrence 
of “tertiary” tuberculosis. The group of 214 
student nurses with positive tuberculin tests 
on entrance into training showed not a single 
pathological incident related to tuberculosis 
during a follow-up period of seven years . — La 
‘primo-infection tuberculeuse de Vadulte en milieu 
hospitalier et ses suites tardives, J. Brun & M. 
Planchu, Rev. de la tuberc., 1947, 11: 356. — ( V. 
Leites) 

Healing of Tuberctdous Foci. — ^When tuber- 
culous infection of lung tissue occurs, the reac- 
tion will be either exudative, exudative-pro- 
ductive, or purely productive. This depends 
predominantly on the immunological balance 
of the individual and is not the subject of the 
present study. The author attempts to an- 
alyze the physico-chemical and physical forces 
which play a rdle in healing of predominantly 
exTidative foci. He chooses the example of a 2 
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mm. focus with a caseous center in which there 
are dead cells, fibrin, and dead and/or fixing 
tubercle bacilli. This focus is surrounded bj’' 
a coat of specific granulation tissue containing 
epithelioid cells and sometimes giant cells, and 
around this a nonspecific zone of apposition 
is formed, as if it were around a foreign body. 
After central necrosis has occurred, hetero- 
and autolysis split the protein molecules until 
the colloids reach the size of electrolj'tes. 
"When tliis has occurred, the products can be 
disposed of according to the normal processes 
of diffusion into the blood and lymph chan- 
nels. The connective tissue capsule surround- 
ing the caseous center can be thought of as a 
senupermeable membrane to which the Don- 
nan equilibrium may be applied. The elec- 
troljdes and diffusible colloid substances will 
be transported to one side of the membrane in 
an effort to maintain neutrality against the 
nondiffuable substance remaining in the cen- 
ter. An ensjunatic cleavage progresses in the 
center, more and more cleavage products are 
transported to the peripherj’' and disposed of 
in the environment on the other side of the 
membrane. Clearly then, the whole process 
is dependent on the speed of the enzymatic 
break-down. Although ordinarilj' native 
body proteins prevent the deposition of in- 
soluble calcium salts, this does not obtain in 
the center of the necrotic mass where no living 
proteins are foimd. Also, no carbon dioxide is 
produced there as it is in living tissue, and the 
result is precipitation of insoluble calcium car- 
bonate, sulfate, and phosphate. Calcification 
thus takes place. Obviously, then, calcifica- 
tion is a process which is in no waj’^ specific for 
tuberculosis, but it obtains wherever a necrotic 
center is surrounded by a connective tissue 
capsule so that a basis for Donnan’s equi- 
librium is established. Calcification can be 
thought of as a fortunate chemical accident. 
Only when the formerly necrotic center has 
been inactivated from a toxic-chemical and 
bacterial point of view does organization by 
fibroblastic and connective tissue activity take 


place. There is ample exidence to indicate 
that caseous tissue itself contains no capil- 
laries, and the palisade arrangement of fibro- 
blasts around an actrae tuberculous focus can- 
not be interpreted as evidence of “inx’asion” 
by granulation tissue. It is onl}' exidence 
that the dead and dying fibroblasts are pas- 
six^ely arranged in the line of least resistance, 
as if sucked in by a funnel. As to the purely 
physical factors concerned in the healing proc- 
ess, it can readily be seen that the surface of 
a tuberculous focus does not increase in aze 
nearly as rapidly as its volume xvith increasing 
diameter (if the focus be thought of as a ball). 
Healing is therefore not only absolutely but 
also relatix’-ely faster in small foci. — Phydsche 
and physiko-chemische Faktoren hd der Atishd- 
lung iuberkuhser Herde in den Lungen, A. J. 
M. Lehman, Schweiz, med. Wdinschr., July 26, 
1947 , 77: 802.— {H. Marcus) 

Gas Embolism In Brain. — ^Three cases of 
cerebral gas embolism developed among about 
8,000 pneumothorax fiUings (0.025 per cent) 
performed in a Rio de Janeiro tuberculous 
hospital. The 3 patients recovered in a period 
varying from two to eighteen days. Treat- 
ment was, according to Amorkn-Castel 
Branco’s method, xvith ergotamine tartrate 
intramuscularly immediately after sjTnptoms 
became apparent, one single dose of 0.25 to 
0.5 mg. being given. Acetylcholine was also 
used in the most serious case until all signs of 
the embolic process subsided. This case also 
demonstrated that a gas embolus may remain 
unabsorbed over twenty-four hours in the 
lumen of the x^essel. In such cases absolute 
bed-rest, preferably in the Trendelenburg 
position, should be enforced. In opposition 
to the outcome in this series, the fatality rate 
in the literature is placed at 10 per cent. — 
Conduta (erapcuHca nas embolias gasosas 
cerebrals, S. Rubens Barbosa, CHn. tisiol. 
{Rio de Janeiro), January-March, 1947, Z: 
SS.—{A. A. Moll) 



PROTECTIVE VACCINATION AGAINST TUBERCULOSIS WITH 
SPECIAL REFERENCE TO BCG VACCINATION^ 

JOSEPH D. ARONSON’ 

INTRODUCTION 

Much of the modern conception of active ^immunization against tuberculosis 
stems from the original, and now historical, observations of Jeimer (1), who in 
1796 proved the protective value of cov'pox against smallpox. The subsequent 
classical studies of Pasteur firmly established and extended the loiowledge re- 
garding the effectiveness of modified or attenuated bacteria and viruses as 
immunizing agents. 

When Koch (2), in 1882, discovered the specific organism of tuberculosis, the 
•way was opened for basic investigations dealing Avith the prevention and treat- 
ment of this disease. 

That the body once infected ■with the tubercle bacillus resists reinfection was 
suggested by the observations of Marfan (3). He no^d that pulmonary tuber- 
culosis was rare among those who presented e’vidence of healed lupus or healed 
tuberculous cervical adenitis. Further evidence that the body of a previously 
infected animal resists reinfection was indicated by the observations of Koch 
(4). He noted that the introduction of tubercle bacilli into the tissues of a 
tuberculous guinea pig elicited an acute, intense, local inflammatory reaction 
■with sloughing and no significant enlargement of the regional lymph nodes. 
Conversely, in normal guinea pigs the introduction of the same number of tu- 
bercle bacilh caused only a slight immediate reaction, but was followed in ap- 
proximately two weeks by the development of a nodule which ulcerated. The 
regional lymph nodes enlarged and caseated and the tuberculous process pro- 
gressed until death occurred. The failure of some investigators to confirm these 
observations of Koch was probably due to a low degree of sensitivity in their 
infected animals. 

Review of Literature 

The hope that tuberculin discovered by Koch (5) might have some protective 
value was never realized. Similarly other extracts of the tubercle bacillus and 
metabolic products of the organism have failed as immunizing agents. 

Repeated attempts have been made by different 'investigators to immunize 
against tuberculosis by means of tubercle bacilli modified or killed by different 
chemicals. Among some of the chemicals employed for this purpose have been 

* The Fourteenth Annual John W. Bell Tuberculosie Lecture presented before the 
Hennepin County Medical Society (Minneapolis, Minnesota) by courtesy of the Hennepin 
County Tuberculosis Association, May 3, 1948. 

’ From the Health Division, Office of Indian Affairs, Department of the Interior, Wash- 
ington, D. C.; the Henry Phipps Institute, University of Pennsylvania, Philadelphia; and 
the Tuberculosis Control Division, U. S. Public Health Ser'vice. 
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formalin, sodium hypochlorite, glycerine, urea, galactose, neurine, choline, 
sodium oleate, lactic acid, saponin, and trichlorethylene. In most instances 
such modified tubercle bacilli have given slight, if any, immunity. 

Tubercle bacilli, modified by the action of radium emanations or by ultra- 
violet light, have been used e.\'perimentally to protect against reinfection. 
Bisceglie (6) found that the human type tubercle bacillus which had been ex- 
posed for one to forty-eight hours to 5 mg. of radium bromide became granular, 
lost its acid-fast property and became attenuated. Guinea pigs treated with 
such modified tubercle bacilH reacted to tuberculin eighteen days after injection 
and showed definite resistance to reinfection with virulent bacteria. Smithbum 
and Lavin (7) found that tubercle bacilli in a concentration of 1.0 mg. per cc. 
exposed to ultraviolet light in the range of 2,537 k for nine minutes remained 
viable, became attenuated, and induced resistance to reinfection in guinea pigs. 
In contrast, cultures exposed for ten minutes to ultraviolet light were IdUed and 
lost their immunizing properties. Olson, Habel and Piggott (8) claim that 3 
doses of human tubercle bacilli, killed by ultraviolet light, protected guinea 
pigs against reinfection to the same degree as did a single dose of viable BCG 
vaccine. 

The effectiveness of heat-killed cultures in increasing resistance to tuberculosis 
is indecisive. The e.xperimental studies of Langer (9, 10), Petroff and Stewart 
(11), Petroff, Branch and Jeimings (12), Lange, Jochimsen and Magat (13), 
Opie and Freund (14), and others indicate that animals treated with heat-killed 
tubercle bacilli develop increased resistance to reinfection with virulent tubercle 
bacilli. On the basis of the results obtained in e,xperimental animals, Langer 
(9), Zadek and Meyer (15), and Goodwin and Schwentker (16), have employed 
heat-killed tubercle bacilli to immunize children against reinfection. A study 
of the effectiveness of heat-killed tubercle bacilli in the control of tuberculosis 
was conducted by Opie, Flahiff and Smith (17) in an institution having a high 
morbidity and mortality from tuberculosis. Heat-killed tubercle bacilli were 
injected into 210 tuberculin-negative persons while 206 tuberculin-negative per- 
sons served as controls. During the first three years of observation, 23 cases 
of tuberculosis developed among the vaccinated, 15 of whom died from this 
disease, while 39 cases of tuberculosis, including 23 deaths, occurred among the 
controls. 

Attempts to increase resistance by the use of cultures of tubercle bacilli atten- 
uated by aging were first made by Dixon (18) in 1889. He employed old cultures 
which contained numerous pleomorphic acid-fast bacilli to immunize guinea 
pigs, rabbits and opossums. Details of these e.xperiments are lacking. 

The immunizing property of various heterologous strains of tubercle bacilli 
has been studied. MacFadyean, Sheather, Edwards and Minett (19) found that 
resistance to tuberculous infection was less marked in cattle injected with the 
avian type of tubercle bacilli than in those treated with viable hvunan type 
bacilli. The use of the avnan t 3 rpe for the vaccination of cattle is dangerous for 
the organism can be eliminated in the dejecta and carried by birds over wide- 
spread areas. Romer (20) failed to demonstrate any increase in resistance in 
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guinea pigs treated with \'iable nvian t3Tpo bacilli. In 1937, Wells (21) isolated 
an acid-fast pleomorphic bacillus from lesions of spontaneous tuberculosis from 
the wild vole (Microtus agrcsHs). This murine type tubercle bacillus, while 
highly pathogenic for the vole, produces progressive tuberculosis in guinea pigs 
only with large doses. It differs in its morphologj’-, cultural characteristics and 
patliogenicitj’' from other types of tubercle bacilli. It possesses an antigenic 
structure indistinguisliable, however, from the mammalian types of tubercle 
bacilli. Guinea pigs and cattle injected with this culture have shown increased 
resistance to reinfection. The injection into man of a vaccine prepared from the 
•\nable vole bacillus produces a local ulcer or abcess with no involvement of the 
regional lymph nodes. From reports by different investigators it is evident 
that the vaccine prepared from the vole bacillus is safe and that the local reaction 
does not differ materially from that induced by BCG vaccine. Tlie tuberculin 
reaction is positive in a high per cent of persons receiving the vole vaccine. The 
studies thus far do not permit conclusions as to its value in the control of tuber- 
culosis in man. Tlie murine tj-pe of tubercle bacillus isolated from the vole 
maj’’ prove of value as an immunizing agent against tuberculosis. 

Tubercle bacilli of the poikilothermic type, isolated from cold-blooded animals, 
have been tried for preventive purposes. Friedmann (22) claimed curative and 
protective value for an acid-fast bacillus isolated from the pulmonary lesions of 
two turtles li\ang in the Berlin aquarium. Saenz (23) found that the cultural 
characteristics and antigenic structure of this organism (M. chelonei) resembled 
those of the acid-fast saprophytes. It did not produce a Koch phenomenon in 
tuberculous animals, nor in animals treated with the homologous culture. It 
did not produce tuberculin. Saenz (23), as well as Libbertz and Ruppel (24) 
and other investigators, could not demonstrate any significant increase of resist- 
ance to tuberculous infection in animals treated with this culture. Weber 
and Titze (25) found that tubercle bacilli isolated from cold-blooded animals 
did not appreciably increase resistance of cattle to infection with virulent tubercle 
bacilh. More recently, Aronson (26, 27) found no increase in resistance to re- 
infection with the human t3q5e tubercle bacillus in guinea pigs treated "with 
recently isolated viable cultures of M. marinum or M. thamnopheous. These 
cultures were isolated from fish and from garter snakes respectively. 

Attenuation of mammalian tubercle bacilli by passage through cpld-blooded 
animals was attempted by Klimmer (28). He made repeated passages of both 
bovine and human types of tubercle bacilli through various cold-blooded animals 
but especially salamanders. A mixture of such modified organisms and human 
tjTpe of tubercle bacilli, heated to 52-53'’C., was designated as “Antiphymatol” 
and was recommended for vaccination against tuberculosis. Whether the 
acid-fast bacilli recovered from the cold-blooded animals were the original bovine 
and human type of tubercle bacilli, or were acid-fast saprophytes commonly 
found in swamps or in cold-blooded animals, is difficult to determine. Accord- 
ing to Eber (29) the vaccine has no immunizing value. 

Much of the early work dealing with immunization of animals, and especially 
of cattle, gave no conclusive results. This was in part due to the failure to 
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recognize at that time that the human and boidne tj'pes of tubercle bacilli were 
distinct types. TiTien Theobold Smith (30) demonstrated that mammalian 
tubercle bacilli differed from each other in their cultural characteristics, bio- 
chemical reactions, and virulence for certain animals, especially cattle and 
rabbits, it became possible to estimate the immunizing value of each t 5 T)e. 
With the recognition that the hmnan tj^pe tubercle bacillus tends to localize 
in cattle and other animals and does not produce generalized tuberculosis, at- 
tempts were made to immunize cattle by the administration of this tjT)e of 
tubercle bacilli. 

Among the first to use the human tjT)e were Pearson and Gilliland (31). In 
1902 they injected cattle intravenously with enable human tubercle bacilli and 
found that these animals developed increased resistance to a challenge dose of 
virulent bo%Tne bacilli. Neufeld (32) injected animals first with increasing 
amounts of viable hmnan bacilli and subsequentlj' vith mble bordne tjTpe 
tubercle bacilli. He found that such treated animals developed definite resist- 
ance to reinfection, while those treated vdtli dead tubercle bacilli showed no 
increased resistance. Neufeld (32) also observed that some animals, and 
especially goats, which had sundved repeated intravenous injections of tubercle 
bacilli, frequently died vdthin twenty-four hours vdth symptoms of shock 
following such injections. 

Von Behring (33) produced a vaccine for immunizing cattle which he termed 
“Bovovaccine”. This vaccine consisted of a viable human type tubercle bacillus 
attenuated by repeated transplantation on glycerine broth over a period of si.v 
3 ’’ears and further attenuated by drying the bacilli in vacuo. The results from 
its use lacked uniformity because of variations in the idrulence of the vaccine. 
The majority of investigators were agreed that “Bovovaccine” increased the 
resistance of cattle to reinfection with virulent boidne strains. This resistance, 
although not absolute, reached its ma?dmum in about three months after vaccina- 
tion, but decreased after one 3 ’’ear. Koch, Schutz, Neufeld and IMiessner (34) 
developed a vaccine consisting of a mixture of viable human and boidne tubercle 
bacilli which they termed “Tauruman”. This vaccine, which w'as admims- 
tered intravenously to cattle, contained idable ^^rulent tubercle bacilli which 
lodged in the l 3 mphatic system of the animals. Weber and Titze (35) concluded 
that this vaccine gave a more mnform degree of protection than did Von Beh- 
ring’s “Bovovaccine”. 

The use of viable virulent tubercle bacilli for immunizing cattle was found to be 
a dangerous procedure and therefore could not be recommended for vaccination. 
Titze (36) observed that cattle treated with "Tauruman” eliminated in their 
milk and dejecta viable virulent tubercle bacilli from this vaccine. Similarl}’’, 
Griffith (37) found that goats and cattle injected with viable virulent human 
type tubercle bacilli excreted these organisms in their milk over a long period of 
time. 

Webb and Williams (38) showed that resistance to tuberculous reinfection 
could be induced in animals as sensitive as the guinea pig and monkey by inject- 
ing them with increasing numbers of viable virulent tubercle bacilli. On the 
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basis of their experimental studies, they injected two children with increasing 
numbers of viable tubercle bacilh beginning with an initial dose of one organism. 
After twenty years these children were living and well (39). Moeller (40) vac- 
cinated several tuberculin negative children by rubbing viable virulent tubercle 
bacilh into the scarified slrin. Selter (41) injected nine young children with 
increasing amoimts up to 100,000 of viable virulent bacilh. No conclusions can 
be drawn from these studies because of the smaU number of subjects and the 
inadequacy of the reports of the results. The use of viable virulent tubercle 
bacilh must be considered as a dangerous procedure. 

The use of tubercle bacilh attenuated by prolonged cultivation on an arti- 
ficial medium was first, described by DeSchweinitz (42). He observed significant 
attenuation of a culture of tubercle bacillus which had been grown on glycerine 
broth for fourteen generations. After the seventeenth generation on this 
medium, the culture was no longer pathogenic for guinea pigs. Nevertheless, 
guinea pigs treated with this attenuated strain reacted to tuberculin and showed 
increased resistance to reinfection. Cultures of tubercle bacihi which have 
undergone spontaneous attenuation have been used extensively in experimental 
studies on immunity. One of the best known of such strains is the E, 1 human 
t 3 q)e, originahy isolated by Trudeau in 1891. This culture underwent spon- 
taneous attenuation in virulence two years following its isolation (43). The 
classic studies of Krause and WiUis (44, 45, 46) and of Wilhs (47, 48) on the 
mechanism of resistance proved that resistance to reinfection with virulent 
tubercle bacilli followed the use of the attenuated viable R 1 strain. 

Calmette and Guerin (49) reported the attenuation of a virulent bovine strain 
of tubercle bacillus originally isolated by Nocard in 1902 from the udder of a 
tuberculous cow. This culture was originally designated as “souche lait No- 
card.” In 1908 this culture produced fatal tuberculosis in guinea pigs inoculated 
with 0.0001 mg. Beginning that same year, the culture was transplanted to 
potato medium containing beef bile. After 230 transplantations on this medium 
extending over a period of thirteen years, this organism no longer produced pro- 
gressive tuberculosis when injected into animals as susceptible as the guinea 
pig. Despite the loss of virulence, this strain, designated BCG or the Bacillus 
of Calmette and Guerin, has retained its original staining characteristics, its 
original cultural and biochemical properties, and its ability to produce potent 
tubercuhn. Introduced into the usual laboratory animals it produces histo- 
logical tubercles which remain localized. Injected into these animals, it is in- 
nocuous, induces the formation of specific humoral antibodies and gives rise to 
increased resistance to tuberculous reinfection. It is true that inoculation with 
BCG does not fully protect guinea pigs against reinfection, but the inoculated 
animals five much longer and the severity of the lesions is less marked than in 
the control animals. 

Summary: The above survey is a brief review of the many diverse prepara- 
tions which investigators have used for specific immimization against tuber- 
culosis. The conclusions from this review of the hterature are that Old Tuber- 
culin or the metabolic products of the tubercle bacillus have no value 
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in increasing resistance to reinfection and that tubercle bacilli, modified or killed 
by the action of chemicals, may give slight or transitory immxmity in animals. 
Tubercle bacilli exposed to radium emanations or to ultra molet light gave 
promising results only if the organisms remained viable after such exposure. 
Heat-killed bacilli, in more recent experiments in animals and man, have given 
suggestive, if not entirely convincing, results. The results from the use of 
heterologous types of mammalian tubercle bacilh to protect cattle from reinfec- 
tion vith bovine bacilli have varied. The immunizing power of strains of acid- 
fast bacilli isolated from cold-blooded animals has been questionable, and that 
of the avian strain, slight and transitory. The human t 3 q)e organism, aside from 
the danger in its utilization, does produce immunity in cattle of about a year’s 
duration. The murine type of organism, isolated from the vole, seems to have 
definite value in increasing resistance to reinfection. A great mass of investiga- 
tion in both animals and man indicates that viable tubercle bacilli, either virulent 
or attenuated, produce the best and most lasting protection. The use of viable 
virulent organisms in man is an unsafe procedure. 

Mechanism, of developme)it of increased resistance: Many observers have 
speculated on the mechanism of the development of increased resistance to rein- 
fection in man and animals. Experimental and clinical emdence is in general 
agreement that increased resistance develops in the course of a primary or 
initial infection with tubercle bacilli. Eomer (20) concluded that increased 
resistance is associated with the development of an anatomical tubercle. Ham- 
burger (50) concluded that a primary tuberculous infection alters the reactivit}’’ 
of animals so that a subsequent infection with a large dose may kiU, a smaller 
dose may induce a severe local reaction, while minute amoimts fail to produce a 
reaction. His studies indicate that persons reacting to tuberculin possess a 
certain degree of resistance to reinfection with small doses of ^^rulent tubercle 
bacilli. Calmette and Guerin (51), in their extensive studies on the immuniza- 
tion of cattle, emphasize that certain factors aside from dose and %’irulence play 
an important role in tuberculous infection and resistance. They noted that a 
single dose of finely divided virulent tubercle bacilli produced a tuberculous 
process which tended to heal and that the animals thus treated gave a positive 
reaction to tuberculin and showed increased resistance to reinfection. In 
contrast, repeated infections at short intervals with viable virulent tubercle 
bacilli resulted in a process which caseated and progressed. 

Introduction of BCG vaccinations: The conclusions of Calmette and Guerin 
that resistance to reinfection was due to the presence of viable tubercle bacilli 
led them to the use of an attenuated strain of tubercle bacillus which the}' 
designated as Bacillus Calmette-Guerin (BCG). The results obtained by in- 
jecting cattle with BCG vaccine were such as to suggest its use as a protective 
vaccine in man. In July 1921, Weill-Halle (52) administered this vaccine per 
os to a newborn infant. No untoward results followed its administration and 
within a few years the use of BCG vaccine spread rapidly through continental 
Europe, in the countries of South America, and to Japan. The oral route of 
admini^ration was recommended as it was believed that the intestinal mucosa 
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of newborn infants was permeable to the passage of bacteria and that the vac- 
cine would therefore localize and remain in the mesenteric l3Tnph nodes. Cal- 
mette’s original suggestion was that newborn babies be given 3 doses of 10 mg. 
each per os, at forty-eight hour intervals. 

As the tubercuhn reaction continues to remain negative in a high per cent of 
those vaccinated per os, the vaccine was later administered subcutaneously. 
This method, however, gave rise to cold abscesses which frequently had to be 
aspirated or treated surgically. Wallgren (53) advocated the intracutaneous 
injection of the vaccine. This procedure has been widely used and has been fol- 
lowed by a very high per cent of positive tubercuhn reactions. The main ob- 
jections are that it gives rise to a locahzed, slowly healing ulcer, and in a small 
per cent of cases is associated with ulceration of the regional lymph nodes. More 
recently, Rosenthal (54) has recommended the multiple puncture technique. 
This consists of making 35 tangential piicka with a sterile needle through a drop 
of BCG vaccine. He claims that the tubercuhn reaction becomes positive in all 
but a few cases. Birkhaug (55) has devised an apparatus consisting of a metal 
disk with 40 needles which is actuated by spring pressure. The needles pass 
through a piece of of filter paper saturated with the BCG vaccine and carry the 
vaccine into the underlying skin. 

BCG VACCINATION AMONG SOME AMERICAN INDIANS 

An opportunity to determine the effectiveness of BCG vaccine in the control 
of tuberculosis in a population having a high morbidity and mortahty from this 
disease was made possible through the Health Division of the Oflfice of Indian 
Affairs, Department of the Interior. As this organization was interested in 
utihzing ah available measures to control tuberculosis among the Indians of the 
United States and Alaska, a cooperative study was undertaken with the Henry 
Phipps Institute, University of Pennsylvania. Begirmiug in 1935, certain Indian 
Agencies were selected on the basis that their populations were accessible, non- 
migratory, and were cooperative and indigenous to these areas. The study was 
conducted among the Indians hving on the Pima Agency, Arizona; the Wind 
River Agency, Wyoming; the Turtle Mountain Agency, North Dakota; the 
Rosebud Agency, South Dakota, and among nonreservation Indians living in 
twelve towns and villages of southeastern Alaska. 

The Indians included in the study differ in their linguistic and racial stocks 
and in their cultural patterns. They represent the agricultural groups, the 
Indians of the plains who were historically hunters, the woodland Indian groups, 
and the Indians of Alaska who lived on and off the sea. Their food habits range 
from the high carbohydrate diet of the Pima Indians of Arizona, and the high 
protein diet of the Shoshones and Arapahos of Wyoming and the Rosebud Sioux 
of South Dakota, to the rich fat diet of the Indians of southeastern Alaska. 
In their degree of racial purity, they vary from the relatively pure blood Pima 
tribe of Arizona and . the Arapaho. of Wyoming, to the Chippewa tribe of the 
Turtle Mountain Agency, North Dakota, with its marked French-Canadian 
admixture, and the Shoshone Indians of Wyoming with admixture of French and 
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other white races. The Indians of southeastern Alaska also are admixed with 
other races. ’RTiile these Indians may vary in many particulars, their economic 
level with few exceptions is uniformly low, housing poor and crowded, and sub- 
sistence meager. 


Morbidity and Mortality from Tuberculosis 

In order to evaluate the role of BCG vaccination in the control of tuberculosis, 
it was essential to determine the morbidity and mortality from this disease among 
the general population of each area included in the investigation. These data 
serve as an index of the intensity of exposure to tuberculosis to which those in 
this study might be subjected. 

The incidence of tuberculous infection was determined during 1935-37 by 
means of the intracutaneous tuberculin test. An initial dose of 0.00002 mg. of 
a preparation of Purified Protein Derivative (PPD) tuberculin, prepared by Dr. 
Florence Seibert of the Henry Phipps Institute, Philadelphia, was used. Those 
who failed to react to this dose of PPD after forty-eight hours were reinjected 
with 0.005 mg. of the same PPD. A final reading was made forty-eight hours 
later. The intensity and character of the tuberculin reactions were recorded. 
All children attending school were tested vith PPD, as were a significant number 
of unselected preschool children and a small per cent of the older age groups. 
It was not considered essential to test a larger per cent of the older age group 
when sampling indicated that practically all those tested reacted to PPD tuber- 
culin. The results of the tuberculin tests among the general population of the 
different agencies are presented in table 1. 

The incidence of tuberculous infection among tlie Indians in the areas tested 
rises rapidly vith increasing age, exceeding that previouslj’’ noted among the 
Negro inhabitants in rural areas of some of the southern states and among white 
residents in rural areas of Michigan (56). Among Indians, as among Negroes, 
there is a marked sensitivity to tuberculin, in all probabilitj’- due to the intensity 
and frequency of exposure. Of the Indians who were positive to PPD, 91.4 
per cent reacted to the first dose of 0.00002 mg. Of these, 55.2 per cent had a 
local inflammator}'; reaction exceeding 20 mm. in diameter (3 plus), associated 
in a small per cent of cases with a systemic reaction. 

It will be noted from table 1 that the Rosebud Agency had the highest incidence 
of tuberculous infection, and that in tlie 20 to 24 year age group it had reached 
100 per cent. The lowest incidence of tuberculous infection occurred among tlie 
Shoshone Indians of the Wind River Agency, Wyoming. In this group, 6 per 
cent of those under 5 years of age reacted to PPD while in the 20 to 24 year 
group 72 per cent gave a positive reaction. 

The incidence of significant pulmonary’' lesions characteristic of tuberculosis 
was based on roentgenological examination of tlie chest of an unselected sig- 
nificant sample of the general population in each area. The per cent of the 
general population examined roentgenologically during 1936-37 varied for each 
area but was significant statistically. It will be noted from table 2 that the 
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higliest incidence of pulmonary lesions was found in southeastern Alaska where 
the morbidity and mortahty from tuberculosis has long been known to be high. 

Character of tuberculosis among Indians: There exists an impression that 
tuberculosis among Indians runs an acute, progressive course resembling that 
frequently found among Negroes. Observations during the course of the 
present study indicate that pulmonary tuberculosis among the Indians resembles 
that found among the white population. Fibrosis and calcification are common 


TABLE 1 

Incidence of tuberculin reaction by Indian agency efc age, 19SB to 1957 
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Pima 

• 410 

11.4 

628 

23.0 

478 

48.5 

259 

77.2 

136 

89.7 

Shoshone 

81 

6.2 

103 

24.2 

92 

56.5 

59 

83.1 

46 

71.7 

Arapaho 

127 

7.0 

122 

42.6 

115 


82 

85.4 

41 

97.5 

Rosebud 

100 

25.0 

682 

45.9 

721 

65.6 

409 

•84.6 

14 

100.0 

Turtle Mountain 

0 

— 


38.0 

120 

71.6 

296 

91.2 

128 

90.6 

Alaska 

633 

14.2 

609 

39.5 

453 

67.1 

116 

71.5 

9 

100.0 


TABLE 2 


Per cent significant pulmonary tuberculous lesions by agency, 1958 to 1958 


AGENCY 

TOTAL 

POPULATION 

ZXAXDtZD SOENTCENOLOCICALLY 

TUBERCULOUS 

LESIONS 


Number 

Percent 

Percent 

Rosebud 

Wind River: 

7,994 

2,450 

30.6 

3.1 

Shoshone 

1,026 

574 

55.9 

5.7 

Arapaho 

1,164 

740 

63.6 

5.8 

Pima 

4,841 

2,060 

42.5 

1.1 

Alaska 

5,000 

3,897 

77.6 

6.9 


and the disease in many instances runs a long chronic course, even in cases of 
moderately or far advanced tuberculosis. That tuberculosis among Indians 
has undergone a change in character is evident from the early reports of mis- 
sionaries, explorers and doctors. These reports call attention to the high in- 
ddence of extrapulmonary forms of tuberculosis, especially scrofula. The 
prevalence of tuberculosis among Indians was investigated by the Office of 
Indian Affairs in 1904. It was foimd that among an Indian population of 107,000 
persons, 2,836 cases were diagnosed as tuberculous. Of this number 1,038 were 
pulmonary in nature, 208 were cases of tuberculosis of the bones and joints, 
while 1,590 were cases of tuberculosis of Ijunph nodes. Several of the medical 
officers who have long been active in studying and treating tuberculosis among 



































264 


JOSEPH D. AROHSOH 


Indians have kindly given tlieir ^^ews to the VTiter. Doctor A. J. Wheeler (57), 
after more than tliirty-five years of experience, reports that he no longer sees 
the large masses of cervical nodes common in Iiis early 5 ''ears of service. His 
impression is that large, thick-walled cavities are less common among the Indian 
patients of tlie Phoenix Indian Sanatorium than among the white patients in 
Arizona. Doctor Ralph M. Alley (58) of the Indian Service also states that he 
no longer sees many cases of extrapulmonary forms of tuberculosis. Examina- 
tions of the chest roentgenograms of the older Indians, who present cervical 
scars as evidence of extrapulmonary forms of tuberculosis, show that in approxi- 
mately 25 per cent of the cases there is evidence of previous pulmonary involve- 
ment indicated by fibrosis and calcification. Doctor Alley states that he has 

TABLE 3 


Death rate per 100,000 from all causes and from tuberculosis by agency and year 
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AU 
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Tuber- 
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All 
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culosis 

fatioa 

AU 
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1935 

1,979 

2,375 

657 



B 

5,866 

2,727 

442 


— 

— 

1936 

2,033 


383 

— 

— 

B 


2,353 

237 

— 

— 

— 

1937 



618 

— 

— 

B 

5,854 

2,425 

307 

— 


— 

1938 

2,121 

2,688 

377 

7,921 

2,171 

520 

5,993 

1,836 


— 



— 

1939 

2,190 


365 

7,994 

1,801 

400 


1,936 

164 

3,287 

2,038 

304 

1940 



493 


1,425 

259 


1,428 

148 

3,419 

1,180 

293 

1941 

2,289 


165 

8,127 

1,279 

443 

6,236 

1,750 

229 

3,483 


373 

1942 

2,348 

QRI 

426 


1,413 

2S0 

6,399 

IB 

172 

3,572 

672 

54 

1943 



221 

8,279 

1,920 

398 

6,479 


lOS 

— 

— 

— 

1944 

2,334 

2,785 

257 

8.355 

1,627 

323 

6.632 

1,598 


3,738 

803 

0 

1945 

wmm 


210 

8,632 

1,289 

363 

6,745 

1,823 

89 

3,845 

800 

78 

1946 

2,438 

1,558 

246 

— 

— 

— 

6,745 

1,734 

133 

— 




not observed any significant difference between the course or character of 
tuberculosis among Indians and of the disease observed in the white population, 
and that the Indian responds well to treatment. The late Doctor L. W. White 
(69), who spent more than thirty j’-ears among the Indians, believed that miliarj' 
tuberculosis was much less frequent than formerly. 

As the mortality rate from tuberculosis reflects the incidence of clinicall}' 
manifest cases of this disease in the ratio of approximately nine cases for each 
death, it can be used as an index of the extent and intensity of possible exposure 
in a community. Diis information was compiled from the available records of 
each agency for the different years and is summarized in table 3. 

The foregoing data indicate, in as objective a manner as possible, the higli 
incidence of tuberculous infection and the high morbidity and mortality from 
tuberculosis in the populations studied. It must be realized that frequently 
Indians mth clinically manifest tuberculosis refuse to go to a sanatorium for 
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treatment, or, if they do go, the 3 ’' remain on the average about six months and 
then return to the Agency, attend public meetings and athletic events and visit 
promiscuously other homes in the Agency. 

PLAN OF INVESTIGATION 

Method for selection of cases: It is generally agreed that a positive reaction 
to tuberculin results from a tuberculous infection and is generally interpreted 
as an iudication of increased resistance to reinfection. Therefore, the use of 
BCG or other immimizing agents is not indicated in those who react to tuber- 
culin. Conversely, specific immunization with BCG vaccine is indicated in 
those who have escaped natural infection and who therefore fail to react to 
tuberculin. The parenteral administration of BCG vaccine results in the pro- 
duction of a self-limited primary local lesion which may involve the regional 
lymph nodes and is followed by specific allergy, as measured by the tuberculin 
test. 

To eliminate or minimize any bias in the selection of cases for this study, 
all children attending the Indian Service schools and the denominational board- 
ing schools, and as many children of preschool age as possible, were tasted with 
tuberculin PPD. Of those tested, a total of 3,008 persons, ranging in age from 
less than one year to 20 years, living on the different Agencies and in southeastern 
Alaska, failed to react to the intracutaneous injection of 0.00002 and 0.005 mg. 
of PPD, or gave a doubtful reaction with 0.005 mg. of PPD. These 3,008 per- 
sons were selected for the study. 

The significance of any controlled study depends to a great degree upon the 
equality of the samples. The groups studied must be comparable and the selec- 
tion of members of the groups made without any bias. To meet these require- 
ments a record was prepared for each person who failed to react te tuberculin 
PPD. All of these records for each school and adjacent area were then sorted 
by sex and year of birth. An alternate division of the records was then made 
within each sex and age group. Approximately one-half received the BCG 
vaccine while the remaining number served as controls. In a small number of 
instances, the person selected was absent from school and one of those listed for 
the control group was substituted and the absentee then serv’^ed as a control. 
The comparability of the two groups by 5-yea.r age periods and bj' sex is shown in 
table 4. 

The study was initiated at the Pima Agencj'^, Arizona, in December 1935, and 
was extended in 1936 to include the Shoshone and Arapaho Indians living on the 
Wind River Agency, Wyoming, and the Chippewa Indians of the Turtle Moun- 
tain Agencj’^, North Dakota. In 1937 and 1938 the Sioux Indians of the Rosebud 
Agency, South Dakota, and the Indians of southeastern Alaska were added to 
the study, as well as a second group at the Pima Agency, Arizona. 

Technique of vaccination: Fifteen himdred and fiftj'-one persons were injected 
with one of 13 different lots of vaccine prepared in a portable laboratory at each 
agency. The BCG culture was maintained on potato medium and was trans- 
planted to bile potato at regular intervals. No other culture was kept in the 
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laboratory and, to minimize tbe danger of contamination Tvith tuberculous 
material, the laboratory was set up in a vacant schoolroom at a distance from 
the hospital. The vaccine was prepared from cultures of the organism grown on 
Sauton’s synthetic medium for periods var 3 ’ing from seven to thirty days. The 
bacillary mass was collected from the surface of the mediiun, the e.\'cess fluid 
removed and the moist bacillaiy mass weighed and suspended in sterile physio- 
logical saline. Those selected for vaccination received an intracutaneous 
injection of 0.1 cc. of the vaccine containing either 0.1 or 0.15 mg. of the moist 
bacillary mass. The injections were made as superficially as possible in the skin 
over the region of the deltoid muscle. The vaccine was used TOthin the first 
three days of its preparation and in most instances within one day after prepara- 
tion. At the same time that the vaccine was given, the control group received 
an intracutaneous injection of 0.1 cc. of physiological saline. Neither vaccinated 

TABLE 4 


Distribution by sex and age of BCG vaccinated and controls 




PJaCEKT 

ACE IN 5-yEAK 

Male 

Female 

Total 

Male 

1 Female 

Total 

PEWODS* 

















■Sjll 

VacQ- 

Con- 

Vacd- 

Con- 

Vacd- 

Con- 

Vacd- 

Con- 


Dated 

trol 

Dated 

trol 

Dated 

trol 

Dated 

trol 

Dated 

trol 

Dated 

trol 

Under 5 

204 

213 

229 

200 


II 

6.8 

7.1 

7.6 

6.7 

14.4 

13.7 

5 to 9 

306 

322 

353 

302 

659 


10.2 

■nm 

11.7 

Sum 

21.9 

20.7 

10 to 14 

191 

170 

196 

181 

387 

351 

6.3 

5.6 

6.5 

■aiB 

12.8 

11.7 

15 to 19 

36 

33 

36 

36 

72 

69 

1.2 

1.1 

1.2 

1.2 

2.4 

2.3 

Total 

737 

738 

814 

719 

1,551 

1,457 

24.5 

24.5 


23.9 

51.5 

48.4 


* Attained age at beginning of study. 


nor controls w'ere isolated before or after vaccination, nor was their mode of 
living modified. 

Reaction at vaccination site: The character and intensity of the local inflamma- 
tory reaction following the intracutaneous mjection of BCG vaccine wrere not 
affected by sex, degree of Indian blood, or constitutional type. In general the 
local reaction was less marked among the children of preschool age. The in- 
tensity and character of the local reaction vary in man and in guinea pigs with 
different preparations of the vaccine. 

The intracutaneous injection of either 0.1 or 0.15 mg. BCG vaccine was fol- 
lowed forty-eight hours later by the appearance of a sharply defined reddened 
nodule measuring approximately 4 mm. in diameter and about 1 mm. in height. 
During the first twm weeks following vaccination the local inflammation sub- 
sided. Three to four weeks after vaccination the nodule rapidly increased in 
size and in many instances a definite central area of softening was noted. Ulcera- 
tion occurred by the fourth week in approximately 75 per cent of cases and per- 
sisted for from four to eight weeks. The ulcers healed, leaving small scars 
averaging 5 to 10 mm. in diameter, which have persisted during the eleven 
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years of the study. In a high per cent of cases there was noted a sense of fullness 
in the axilla of the vaccinated side following the injection. In about 5 per cent 
of the cases the regional lymph nodes along the anterior axillary fold were 
palpable. In no instance did the lymph nodes ulcerate. Healing of the local 
ulcer was completed in approximately twelve weelcs after vaccination. It was 
noted that healing of the ulcers was more prompt among the Pima Indians of 
Arizona and that healing was significantly slower and the ulcers more chronic 
in nature among the Indians of southeastern Alaska. 

Smears prepared from the ulcers at various times showed at first numerous 
polymorphonuclear cells, occasional large mononuclear cells a,nd numerous 
clumps of well staining extracellular and intracellular acid-fast bacilli. Later 
there was noted a significant decrease in the number of acid-fast bacilli, which 
with increasing time stained less intensely and became more granular. Fibrin 
appeared still later and the acid-fast bacilli finally disappeared. 

Koch phenomenon: The possibility that some of the tuberculin-negative cases 
had undergone a tuberculous infection during the time elapsing between the 
tuberculin test and the administration of the vaccine, or were in a pre-allergic 
state at the time of the tuberculin test, had to be given consideration. To 
check this possibility the site of injection of all BCG vaccinated cases was re- 
examined forty-eight hours after the vaccine was given to determine whether 
there was present an acute local inflammatory reaction (Koch phenomenon). 
In all there were observed 7 cases showing such an acute reaction. In 5 instances 
this was due to injection by error of tuberculin-positive cases, while in 2 instances 
the individuals had been tuberculin-negative at the time of testing but were 
evidently in a pre-allergic state at that time. It is of interest that these 2 cases 
have since died from tuberculosis and are included among the 6 deaths which 
occurred among the vaccinated in the course of this study. 

Roentgenologic Examinations: Of the 3,008 persons included in this program, 
approximately 85 per cent were examined roentgenologicaUy at the same time 
that the initial tuberculin test was carried out, or as soon thereafter as possible. 

Re-examination of the BCG vaccinated and control groups was carried out at 
approximately annual intervals, and as many of the persons as could be located 
were tuberculin tested and examined roentgenologicaUy. If they were absent 
from the Agency, efforts were made to determine their whereabouts and whether 
they were alive or dead. 

EVALUATION OP RESULTS 

An evaluation of the effectiveness of BCG vaccine cannot be made by com- 
paring current mortaUty and morbidity rates from tuberculosis with former rates. 
Such a comparison is not valid I principally because there has been a falling rate 
from tuberculosis for many years. The significance of the results obtained in 
this study depends upon the simUarity of the vaccinated and control groups; 
the comparability of the per cent re-examined aimuaUy; and whether or not both 
groups experienced the same risk of exposure to tuberculous infection. The 
comparability of both groups in age distribution and sex has been presented in 
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table 4. The number re-examined annually by means of the tuberculin test 
and roentgenograms represents a high percentage of those in the study and, as 
indicated in table 5, is almost identical for both groups in any given year. The 
reduction and variations in the number re-examined after the sixth year are due 
to disruption of the study by World War II, In June 1944, field work was 
temporarily discontinued and at that time all of those in the study had had a 
m ini m um of six annual examinations. In some areas seven annual examinations 
had been made and in one Agency eight examinations had been carried out. 
In September 1946, field work was resumed and all of the areas were risited 
during 1946-47. At that time the tuberculin test and roentgenological examina- 
tions were made in some areas for the ninth year after the initiation of the stud}’’ 
and for the tenth and eleventh years in the remaining areas. Consequently, 

TABLE 5 


Percentage of living persons in study re-examined annually 



TXTBKSCUtlN TESTED 

X-XAVED 

VACOKATIOK ! 

j 

Vaccinated 

j Control 

Vaccinated 

Control 

Orieinal 

number 

Per cent 
retested 

Original 

number 

Percent 

retested 

Original 

number 

Percent 

X-rayed 

Original 

number 

Percent 

X-reyed 

1 

1,551 1 

96.4 

1,457 

90.4 

1,551 

97.4 

1,457 

96.S 

2 

1,351 1 

94.5 , 

1,457 

93.7 

1,551 

96.S 

1,457 

96.4 

3 

1,551 j 

94.9 , 

1,457 

95.4 

1,551 

96.1 

1,457 

96.5 

4 

1,551 1 

95.2 

1,457 i 

92.9 

1,551 

95.9 

1,457 

93.9 

5 

1,551 

89.7 

1,457 

90.0 

1,551 

91.2 

1,457 

91.5 

6 

1,551 

80.S 

1,457 

77.5 

1,551 

84.1 

1 1,457 

81.8 

7 

752 

78. S 

702 

81.6 

i 752 

81. S 

702 

84.1 

8 

428 

1 70.4 

425 

70.4 

428 

71.6 

425 

76.3 

9 

799 

74.9 

755 

72.1 

799 

76.8 

755 

72.2 

10 

266 

68.6 

248 

72.1 

266 

69.0 

248 

72.1 

11 

4S6 

S1.3 

454 

7S.3 

4S6 

S0.2 

454 

78.2 


the per* cent of persons re-examined following the sixth annual examination is 
based on the original number of cases in the areas risited and not on the original 
total of persons of all areas. 

Exposure to tuberculous infection: An evaluation of the effectiveness of BCG 
vaccine in controlling tuberculosis can be made only if both groups experience 
the same risk of exposure to tuberculous infection. An analysis of the records 
of the first six years of this study under the direction of Dr. Carroll E. Palmer, 
Tuberculosis Control Di-vdsion of the United States Public Health Service (60), 
showed that approximately 20 per cent of both groups was exposed to tuberculous 
infection and that the degree of contact was essentially the same for both groups. 
These results were based on knov’n domiciliarj'- sources of infection. There are, 
however, numerous e.\'tradomiciliary sources of infection which, while incalcu- 
lable, are nevertheless significant. Thus bedridden tuberculous patients rnny 
be visited by large numbers of neighbors and friends, and tuberculous patients 
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who have left the sanatorium against advice attend public gatherings and visit 
friends and relatives and adjacent communities. 

Development of Sensitivity to Tuberculin 

It cannot be said, at this time, that resistance to tuberculous infection is 
calculable by serological tests or degree of sensitivity to tuberculin. The writer 
has attempted in the past to correlate the development of specific antibodies 
and sensitivity to tuberculin with resistance to tuberculous reinfection. Goats 
and sheep were inoculated intrabronchially through a bronchoscope with in- 
creasing amounts of a viable, virulent bovine type tubercle bacillus. The de- 
velopment of specific antibodies was studied at frequent intervals over a period 
of two years by means of the precipitin reaction, agglutination, and complement 

TABLE 6 


Frequency of tuberculin reaction by dose and year of observation in vaccinated and controls 


Veaxs aftek 
VACCINATION 

VACCINATED 

CONTXOtS 

Original 

number 

Per cent positive to PPD 

Original 

number 

Per cent positive to PPD 

0.00002 me. 

O.OOSmg. 

' Total 

0.00002 mg. 

O.OOS mg. 

Total 

1 

1,551 

36.7 

56.6 

93.3 

1,457 

7.3 

5.4 

12.7 

2 

1,551 

47.6 

45.7 

93.3 

1,457 

13.5 

5.1 

18.6 

3 

1,551 

54.5 

38.0 

92.5 

1,457 

17.5 

7.1 

24.6 

4 

1,551 

53.3 

38.9 

92.2 

1,457 

22.7 

7.6 

30.3 

5 

1,551 

54.9 

36.8 

91.7 

1,457 

27.9 

7.2 

35.1 

6 

1,551 

61.2 

31.0 

92.2 

1,457 

33.0 

9.3 

42.3 

7 

752 

58.0 

36.9 

94.9 

702 

26.8 

11.4 

38.2 

8 

428 

54.0 

40.9 

94.9 

425 

25.3 

14.7 

40.0 

9 

799 

76.7 

15.6 

92.3 

755 

52.0 

3.0 

55.0 

10 

266 

61.7 

25.8 

87.5 

248 

26.3 

11.7 

[ 38.0 

11 

486 

61.4 

28.8 

90.2 

454 

35.5 

6.2 

41.7 


fixation. At the same time the sensitivity of these animals to varying amoimts 
of Old Tuberculin injected into the skin was studied. These impublished 
studies indicated that, although specific antibodies and a high degree of sensi- 
tivity to tuberculin developed, no correlation could be demonstrated between 
the antibody titer, tuberculin sensitivity, and resistance to reinfection, as 
measured by tuberculosis mortality. 

It is generally agreed that there exists a close relationship between allergy 
and immunity, but there is some evidence, with which the writer is in accord, 
that the two conditions do not necessarily coexist. For want of a better index 
in the present study, allergy as indicated by the tuberculin reaction is arbi- 
trarily employed as a measure of immunity. 

A positive tuberculin reaction following the administration of BCG has been 
interpreted as evidence of the establishment of an initial or primary tuberculous 
focus. From the values presented in table 6, it is evident that BCG vaccine 
induces a high sensitivity to tuberculin which persists for many years. It will 



270 


JOSEPH D. ARONSON 


be noted from table 6 that among the vaccinated a positive tuberculin reaction 
was present in 93.3 per cent of those tested one year after vaccination and that 
this high rate has persisted with but slight variations through the period of 
observation. Among the control group, only 12.7 per cent reacted to tuberculin 
one year after the initial negative tuberculin reaction, and the increment of 
positive reactions was approximatel}’’ 5 per cent per year for each subsequent 
year of observation. 

The sensitmty to tuberculin induced by the intracutaneous administration of 
BCG vaccine is not as marked as that resulting from natural infection. This is 
indicated by the smaller per cent of the vaccinated who reacted to the initial 
dose of 0.00002 mg. of PPD and the less severe local reaction in the vaccinated 
than was noted in the controls who reacted. With increasing time the intensit}' 
of the tubercuhn reaction also increased among the vaccinated. This suggests 
that among the vaccinated, as among the controls, natural infection with wrulent 
tubercle bacilli had occurred. 

Tuberculosis Morbidity 

Despite the fact that the interpretation of roentgenograms cannot as yet be 
considered entirely objective in nature, the procedure does offer the best medium 
for dete rmi n i ng the presence and nature of pulmonarj’' lesions. Unfortunately 
at this time an appreciable number of roentgenographs from the 1946-47 e.\'am- 
ination remain which show pulmonary lesions which have not as yet been defi- 
nitely diagnosed. Pending a future review of the serial films of all cases with 
pathology of doubtful nature, the lesions will be reported tentatively as lesions 
of doubtful etiology. Figures on the occurrence of pulmonary lesions and 
deaths from tuberculosis according to the type or stage of the disease are pre- 
sented in table 7 and graphically in figure 1. 

It may be seen (table 7 and figure 1) that, with the exception of pleural effusion 
and pleural thickening, lesions shoving the roentgenological characteristics of 
tuberculosis are significantlj’’ more frequent among the controls than among the 
vaccinated. 

The determination of the cause of death was based on roentgenograpliic evi- 
dence in the case of pulmonary and bone and joint involvement, and on labora- 
tory findings in cases of miliary tuberculosis and tuberculous peritonitis. As 
the examination of the roentgenograms was made without an}’’ prior knowledge 
of the tuberculin reaction and whether or not the film represented a vaccinated 
or control case, it was of interest to determine the relationship between the 
tuberculin reaction and the t}’pe of lesions found. The significance of the 
positive tuberculin reaction among the BCG vaccinated cases is marked by tlio 
large per cent of these who became tubercuhn positive following vaccination. 
The change from a low degree of sensiti^^ty to tubercuhn to a high one, however, 
strongly suggests a tuberculous reinfection. In table 8 the relationship of the 
t}'pe of lesions to the tubercuhn reaction is presented. In this table arc pre- 
sented, not only those who reacted to 0.00002 mg. or 0.005 mg. PPD, but (hose 
whose reaction has fluctuated from a lugh to a low or a low to a high level of 
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TABLE 7 

Occurrence of eases of tuberculosis and deaths according to lesion 


TYPE OP IXSIOJf 

BCG VACaNATED 1 

CONTSOLB 

Number 

Per cent 

1 

Number of 

1 deaths 

Number i 

i 

Per cent 

Primary 

22 

1.4 

0 

120 i 

8.2 

Minimal reinfection type 

10 

0.6 

0 

25 

1.7 

Progressive 

8 

0.5 

3 

49 

3.3 

Miliary 

I 2 

0.1 

2 

15 

1.0 

Extrapulmonary 

1 

0.06 

1 

4 

0.3 

Pleural effusion 

27 

1.7 

0 

33 , 

2.2 

Pleural thickening 

31, 

1.9 

0 

32 

2.1 

Calcified nodule 

6 

0.4 

0 

31 

2.1 

Doubtful etiology 

75 

4.8 

0 

114 

7.8 

■^Total 

182 

11.7 

6 1 

423 

29.0 
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sensitivity, those whose tuberculin reaction has reverted from positive to nega- 
tive, and those who have failed to react to tuberculin. 

It will be noted that in the vast maioritj-- of cases, both among the vaccinated 
and among the controls, the presence of a lesion is associated with a high sensi- 
tivity to tuberculin. A low sensitivity to tuberculin, fluctuations in sensitivity, 

TABLE S 


Relatiori of tuberculin reaction to type of lesion 




POSITIVE 

1 POSITIVE 

PLUCrUATIHO 

posrrm: 

NEGATIVE 



TO 0.00002 

1 TO 0.005 VO. 

0.00002 VO.- 

TO NEOATtVE 

TO 0.005 VO. 

TYPS or liSION 

or 

IS- 

VO. PPD 

PPD 

0.005 VO. PPD 

SEACnOH 

PPD 


StOS'S 

Num- 

ber 

Per 

cent 

Num- 

ber 

Per 

cent 

|Num- 
1 ber 

Per 

cent 

'Num- 
! ber 

Per 

cent 

! Norn- 
! ber 

Per 

cent 


In BCG vaccinated cssea 


Primary 

22 

20 

90.9 

1 

4.5 

1 

4.6 

0 



0 


Minimal reinfection type. 

10 

9 

90.0 

0 

— 

1 

10.0 

0 

— 

0 

— 

Progreesive 

S 

8 

100.0 

0 

— 

0 

— 

0 

— 

0 

— 

Miliary 

2 

2* 

50.0 

0 

— 

0 

— 

0 

— 

0 

— 

Extrapulmonary 

1 

1 

100.0 

0 

— 

0 

— 

0 

— 

0 

— 

Pleural effusion 

27 

25 

92.6 

1 

3.7 

0 

— 

0 

— 

1 

3.7 

Pleural thickening 

31 

15 

48.4 

9 

29.0 

7 

22.6 

0 

— 

0 


Calcified nodule 

6 

6 

100.0 

0 

— 

0 

— 

0 

— 

0 

_ 

Doubtful etiology 

75 

53 

70.6 

7 

9.3 

14 

18.7 

1 

1.4 

0 

— 

Total 

182 

139 

76.4 

IS 

9.9 

23 

12.6 

1 

0.5 

1 

0.5 


In controls 


Primary 

120 

119 

99.1 

0 



0 



1 

0.9 

0 

— 

Minimal reinfection type. 

25 

23 

92.0 

0 

— 

1 

4.0 

0 

_ 

1 

4.0 

Progressive 

49 

41 

83.7 

0 

— 

0 

— 

0 

— 

St 

10.3 

Miliary 

15 

8 

53.3 

0 

— 

0 

— 

0 

— 

7t 

46.7 

Extrapulmonary 

4 

3 

75.0 

0 

— 

0 

— 

0 

— 

It 

25.0 

Pleural effusion 

33 

24 

72.7 

1 

3.1 

0 

— 

0 

— 

S 

24.2 

Pleural thickening 

32 

IS 

56.3 

2 

6.3 

1 

3.1 

1 

3.1 

10 

31.2 

Calcified nodule 

31 

29 

93.5 

0 



0 

— 

0 

— 

2 

6.4 

Doubtful etiology 

114 

82 

71.9 

0 



1 

0.9 

4 

3.5 

27 

23.7 


423 

347 

82.0 

3 

0.7 

3 

0.7 

6 

1.4 

64 

15.1 



* One showed Koch phenomenon on vaccination, 
t Neg-ative on last previous tuberculin test. 


and failure to react to tuberculin, occur most frequently 'vvith pleural effusions 
and pleural thickenings which are probably nontuberculous in etiolog}'. 

Of the 53 deaths from tuberculosis among the controls during the course of the 
study, 23 occurred in persons who had their first positive tuberculin reaction one 
to seven years previously and had maintained their tuberculin sensitivity until 
time of death. Thirteen cases had a positi%'e tuberculin reaction for the first 
time less than a year before death. Five persons had not been ttibcrculin tested 
witliin a year, but had failed to react to tuberculin the preceding year. One 
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case was tuberculin negative five months before death from tuberculous meningi- 
tis. A group of 11 had not been tested within the year of death, but their most 
recent tuberculin tests, two to four years previously, had been negative. 

Tuberculosis Mortality 

The most striking evidence of the efficacy of BCG vaccine is brought out when 
the total mortality rates and the mortality rates from tuberculosis are compared 
in the vaccinated and control groups. Among the 1,551 vaccinated, a total of 
55 persons died from all causes during the nine to eleven year period of this 
study. During this same period of time, 109 of the 1,457 controls have died 
from all causes. The BCG vaccinated group experienced a total of 16,406 
person-years of observation, and in terms of deaths per 1,000 person-years yielded 
a rate of 3.1. The control group experienced a total of 15,207 person-years of 

TABLE 9 


Mortality rates, tuberculous and nontuberculous, in vaccinated and controls by age groups 



VACCINATED 

1 CONTHOLS . 

AO£ 

m 5- YE AH 

Number of 

nea tbs— Tubercu- 
losis 

1 Deaths— Other 
causes 

1 

1 

Number of 
person, 
years of 
observa- 
tion 

Dea tbs— Tubercu- 
losis 

Deaths— Other 
causes 

PBHIODB 

years of 

1 observa- 
tiou 

Norn- 

ber 

Rate per 1 
1,000 1 
person- 
years 

Num- 

ber 

Rate per 
1,000 
person- 
years 

Num- 

ber 

Rate per 
1,000 
person- 
years 

Num- 

ber 

1 

1 . .. 

Rate per 
1,000 
person- 
years 

1 

0 to 4 

1,327 

1 

0.7 

11 

8.3 

1,303 

2 

1.5 

11 

8.4 

6 to 9 

4,037 

5,5&6 

0 

— 

7 

1.7 

3,757 

6 

1.6 

12 

3.2 

10 to 14 

4 


9 

1.6 

5,170 

13 

2.5 

9 

1.7 

15 to 19 i 

3,998 

1 

■H 

14 


3,667 

22 

6.0 

13 

3.6 

20 to 24 

1,311 

0 

— 



1,179 

10 

8.5 

9 

8.1 

25 to 29 

138 

0 

1 

— 

H 


131 

0 

— 

2 

15.3 

Total . 

16,406 

1 

6 1 

0.4 

49 

3.0 

15,207 

1 

63 1 

3.5 

56 

3.7 


observation, and the rate per 1,000 person-years of observation was 7.2. These 
rates, when compared with the rates of 3.8 and 7.2 per 1,000 person-years for the 
vaccinated and control groups, respectively, noted at the end of the first six 
years of observation (58), indicate that the ratio of deaths in the two groups has 
remained almost constant. When death rate from tuberculosis is compared in 
the two groups, the difference is even more striking. In the BCG vaccinated 
group, 6 have died from tuberculosis since the beginning of the study, while 
among the controls 53 have died from this disease. The mortality rate from 
tuberculosis per 1,000 person-years of observation is 0.4 for the vaccinated and 
3.5 for the controls. Of the 6 deaths from tuberculosis which occurred among 
the vaccinated, 2 were in persons who had a Koch phenomenon immediately 
after vaccination, while a third death occurred in a child who failed to react to 
tuberculin one j'ear after vaccination. 

In table 9 is presented a comparison of the mortality from tuberculosis and 
from other causes by five-year age periods. 
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This study has afforded an opportunity to determine the influence of age and 
sex on the occurrence of fatal tuberculosis in a population free from this disease at 
the initiation of the investigation. The munber of deaths among the vac- 
cinated is too small to permit conclusions on this basis. Among the control 
group, however, the number of deaths from tuberculosis is significant in each 


TABLE 10 

Mortality rates, tuberculous and non tuberculous, by sex and age group among controls 



UAXE 

mtALE 

ACE 

nf S-YEAB 

Numter of 
person- 
years of 
observa- 
tion 

Deaths — Tubercu- 
losis 

Deaths — Other 
causes 

! 

Number of 
person- 
years of 
observa- 
tion j 

Dea tbs— Tubercu- 
losis 

Deatht— Other 
causes 

PESrODS 

1 

Num- 

ber 

Rate per 
1,000 

person- 1 
years 

1 

Num- 
ber j 

Rate per 
1,000 
person- 
years 

Num- 

ber 

Rate per 
1,000 
person- 
years 

Num- 
ber j 

Rate per 
1,000 
person- 
years 

0 to 4 

6S4 

2 

2.9 

1 

4 

5.8 

619 

0 

_ 

7 

11.6 

5 to 9 

1,946 

2 

1.0 

8 

4.1 

1,811 

4 

2.2 

4 

2.2 

10 to 14 

2,594 

2 

0.8 

5 

1.9 

2,491 

11 

4.4 

4 

1.0 

15 to 19 

1,855 

8 

4.3 

6 

3.2 

1,812 

14 

7.7 


3.8 

20 to 24 

559 

5 

8.9 

6 

10.7 

624 

5 

00 

b 

H 

4.8 

25 to 29 

64 

0 

— 

0 

— 

67 

0 

— 

B 

30.0 

Total. 

7,702 

19 

2.5 

29 

3.8 

7,424 

34 

4.6 

27 

3.7 


T.4BLE 11 


Number and per cent of most frequent causes of death in BCG vaccinated and controls 


DIAGXOSXS 

VACCIKATED 

COJfTlOLS 

Number 

Pet cent 

Number 

Per cent 

Tuberculosis, all forms 

6 

0.3S 

53 

3.63 

Accidents 

17 

1.10 

21 1 

1.44 

PnftUmonifij lobar 

5 

0.32 

5 

0.34 

Pneumonia, bronchial 

5 

0.32 

3 

0.20 

Peritonitis, acute 

2 

0.13 

3 

0.20 

AToninpitifl fnont iibnmiloiis) 

3 

0.19 

1 

O.OC 

Endocarditis 

5 

0.32 

S 

0.54 

Encephalitis 

0 


t 2 

0.13 

Postoperative 

0 


2 

0.13 







five-year age period except for the 25 to 29 year group. In this group, the 
number of person-years of observation is too small for statistical analysis. It 
may be seen in table 10 that the mortality rate from tuberculosis rises sharply 
in the age groups 15 to 19 and 20 to 24, and that fatal tuberculosis occurs almost 
twice as often among the females as among the males. It is of interest that of 
the 6 who died from tuberculosis in the vaccinated group 4 were females and 2 
were males. 

Tlio continued observation of a population of 3,008 persons predominately 
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of school age living in rural communities offered the unique opportunity of 
determining the most common causes of death. Among the vaccinated, a total 
of 55 persons died from all causes while, among the controls, 109 died. The 
reports of cause of death were based on the clinical records, nurses’ notes, and 
death certificates. In addition to the most frequent causes of death presented 
in table 11 one each of the vaccinated died from the following causes: poliomyeli- 
tis, septicemia, dysentery, convulsions, diabetes mellitus, brain abscess, agranu- 
locytosis, ruptured ectopic pregnancy, acute nephritis, m-emia, embolism post- 
partum, and one cause unknown. Among the controls in addition to those 
presented in table 11 one each died from the following causes: dysentery, em- 
bolism postpartum, marasmus, typhoid fever, diphtheria, hemolytic anemia, 
acute alcoholism, acute adenitis, respiratory failure, mesenteric embolism, and 
one cause unknovm. 

One of the most impressive findings in this analysis is the large per cent of 
children who die from drowning, fire, automobile accidents and shooting. A 
number of deaths included in accidental deaths are those who were killed while 
serving in the armed forces in World War II. The homogeneity of the vac- 
cinated and control groups is further indicated by the fact that deaths from non- 
tuberculous causes are in close agreement in both groups. 

Ejfediveness of BCG Vaccine among Newborn Infants 

Because of the relatively high mortality from tuberculosis during the first 
three years of life, it was believed that a more rapid determination of the effec- 
tiveness of BCG vaccine in controlling tuberculosis could be made by observing a 
group of newborn infants for approximately five years. This supplementary 
study was carried out on infants bom in the hospitals of the Turtle Mountain 
Agency, North Dakota,' and the Rosebud Agency, South Dakota. The original 
plan was to vaccinate alternate cases in each hospital. Unfortunately this plan 
was not followed in one of the hospitals, and the newborn children were vac- 
cinated there at random. Between December 1938 and December 1940, 123 
newborn babies were vaccinated intracutaneously %vith 0.1 mg. of BCG vaccine 
•within several days after birth. During the same period of time, 139 newborn 
babies were untreated and served as controls. The newborn babies returned 
home ■with their mothers and no change whatsoever was made in the home sur- 
roundings or mode of li'ving. These babies, like those in the original study, were 
tuberculin tested and examined roentgenologically annually except for an in- 
terval during the war years. At the time of 'their first examination these children 
ranged in age from 3 to 14 months. At that time 85 per cent of the vaccinated 
and 77 per cent of the control group were tuberculin tested, and 95 per cent of 
both groups were examined roentgenologically. An analysis of the tests indi- 
cated that 91 per cent of the vaccinated and 3.7 per cent of the controls reacted 
to tuberculin. One case of primary tuberculosis was found in a control case at 
the first annual examination. This child died one month later from tuber- 
culous meningitis. In 1946, when this “newborn” group ranged in age from 
6 to 8 years, 82 per cent of each group were retested with tuberculin, while 83 
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per cent of the vaccinated and 78 per cent of the controls were examined 
roentgenologically. Among the vaccinated the tuberculin test was positive in 80 
per cent of those tested, a decrease of 11 per cent from the results of tuberculin 
testing one year after vaccination. Among the controls, positive reaction to 
tuberculin had increased from the 3.7 per cent noted during the first year of life 
to 26.5 per cent. 

f [During the six to eight years of observation, primary tuberculosis was found 
on roentgenological examination in 4 of the 123 vaccinated children and in 11 of 
the 139 controls. Of the 7 deaths among the vaccinated cases, none has been 
from tuberculosis, while, of the 15 deaths among the controls, 4 were due to 
tuberculosis. These 4 deaths all occurred within the first three years of life. 

DISCUSSION 

The accumulated data, both experimental and clinical, indicate that an initial 
infection with xnable purulent or attenuated tubercle bacilli induces increased 
resistance to reinfection with \drulent bacilli. There is, therefore, a sound basis 
for the use of the attenuated \’iable BCG strain of tubercle baciUus as an im- 
munizing agent. 

iVlthough BCG vaccine has been used in man for tlie past twenty-five years, 
it has not received universal acceptance. The earliest objection to its use was the 
fear that the culture was not a ^'irus fix4, as claimed by Calmette, and that it 
might regain its ^'i^ulcnce. Petroff (61) claimed that the BCG strain could bo 
dissociated into R and S variants and that the S variant was \'inilent for guinea 
pigs. Tlicse findings of Petroff have not been confirmed by other investigators. 
The innocuousness of the BCG vaccine for man is proved by the fact that, of the 
millions of persons who have received the vaccine, not a single unequivocal case 
of tuberculosis can be attributed to its use. In an animal as sensitive as the 
guinea pig, the writer has routinely injected from 10 to 20 mg. of different lots 
of BCG vaccine wthout any e\ndence of progressive tuberculosis. 

The evidence has not been so clear cut ns to the effectiveness of the BCG 
vaccine in controlling tuberculosis. This, in part, is due to the difficulties in- 
herent in any attempt to carry out a long e.xpcriment in man under controlled 
conditions. Such a study requires that the number be sufficiently large to permit 
a statistical approach; that the treated and control groups be comparable in sex, 
age, economic level, and risk of exposure to tuberculous infection; that both 
groups be given the same medical care and follow up; that the morbidity and 
mortality bo verified by roentgenological and laboratorj* procedures; and, finally, 
that both groups be followed for a long period of time. Needless to aav it is 
difficult, if not impossible, to meet all of these criteria. .fVn evaluation of the 
effccti%'cncss of BCG vaccine on the basis of a reduction of the disease as com- 
pared with previous years is not valid since for many years there has been a 
steady decline of tuberculosis. 

Although there has l>een a widespread use of BCG vaccine in man in some of 
the countries of Continental Europe, the ScandinaN-iJin countries, the countries 
of South -America and in Japan, these programs were not carried out under the 
controlled conditions outlined above. Nevertheless, there is a considerable 
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body of circumstantial evidence that the use of the vaccine has reduced the 
morbidity and mortality from tuberculosis. 

The most recent objection to the widespread use of BCG vaccine is based on 
the premise that the tuberculin reaction following the use of BCG vaccine would 
mask the tuberculin reaction resulting from spontaneous infection, thus making 
it more difficult to detect the sources of tuberculous infection. There is some- 
thing to be said for this point of view and the objection might be given more 
serious consideration if the occurrence of tuberculosis in man approached the low 
rate now found among cattle in the United States. It cannot be given serious 
consideration, however, in existing areas in the United States with a mortality 
from tuberculosis of 300 and more per 100,000 population. 

As to the advisability of the universal use of BCG vaccine, there is room for a 
difference of opinion. Certainly in those areas w'here the morbidity and mor- 
tality from tuberculosis are high, living conditions poor, and hospital facilities 
for the care of manifest cases of tuberculosis inadequate, the use of BCG vaccina- 
tion is indicated. The use of BCG vaccine is definitely indicated in medical 
students, nurses, and other medical personnel who are tuberculin negative and 
who may be exposed frequently to tuberculous infection. Bor military personnel 
who are tuberculin negative and who are on duty in areas with a high incidence 
of tuberculosis, BCG vaccination should be carried out. Conversely, wffiere the 
morbidity and mortality from tuberculosis are low and falling, where homes are 
widely scattered and housing and hospital facilities adequate, the universal use 
of BCG vaccine is debatable. 

One of the immediate needs in the field of BCG vaccination is the establish- 
ment of uniform procedures for the administration and standardization of the 
vaccine. The question of setting up standards for potency and optimum dose 
remains to be solved, and methods of maintaining the ^^ability of the bacterial 
suspension for a long period of time must be developed. 

SUMMAEV 

1. The value of BCG vaccine in increasing resistance to tuberculous reinfec- 
tion has been investigated under carefully controlled conditions among some 
Indians of the United States and Alaska. 

2. Freshly prepared BCG vaccine was administered intracutaneously to 1,551 
American Indians ranging in age from less than one year to 20 years and to 123 
newborn infants. At the same time 1,457 Indians of comparable age and living 
under the same conditions received an intracutaneous injection of sterile physio- 
logical salino and serr’cd as controls. One hundred and thirty -nine newborn 
infants also served as controls. 

3. No untoward local or general reaction followed the injection of the vaccine. 
In no instance did the regional IjTnph nodes ulcerate. 

4. The original group of vaccinated and controls was followed over a period 
of nine to cloven years by moans of tuberculin tests and roentgenograms of the 
chest, while the group of “newborn” infants was similarlj* followed for six to 
eight years. 

5. Tlio vaccinated cases wore observed for a total of 16,400 person-years and 
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the controls for 15,207 person-years. The mortaUty rate from all causes was 
3.1 per 1,000 person-years of observation for the vaccinated and 7.2 for the 
controls. 

6. Among the 1,551 BCG vaccinated there occurred a total of 55 deaths, in- 
cluding 6 deaths from tuberculosis. Among the 1,457 controls there occurred a 
total of 109 deaths, including 53 deaths from tuberculosis. The mortality rate 
from tuberculosis per 1,000 person-years of observation was 0.4, and 3.5 for the 
vaccinated and controls, respectivelj’'. 

7. Among the controls the death rate from tuberculosis was highest among the 
males in the 15 to 19 and 20 to 24 year age group, and in the females in the 10 to 
14 and 15 to 19 age group. It was approximately twice as high among the fe- 
males as among the males. 

8. Among the 123 newborn infants, who were vaccinated and obseiw^ed for 
six to eight years, 7 have died, none from tuberculosis. Among the 139 nenhom 
controls, 15 have died, 4 of them from tuberculosis. 

9. The tuberculin reaction became positive one year after vaccination in 93.3 
per cent of cases and has remained at approximately the same level throughout 
the course of this study. Among the controls the tuberculin reaction became 
positive in 12.7 per cent within one year after the initial negative reaction, and 
there has been a constant and gradual increase in the per cent of the controls 
reacting to tuberculin. 

10. Roentgenologically demonstrable lesions ha^^ng tlie characteristics of 
primary tuberculosis occurred in 22 of the vaccinated and in 120 of the controls. 
Minimal lesions of reinfection t3'’pe, progressive lesions and miliary and extrapul- 
monary lesions of tuberculosis were found in 21 of tlie vaccinated and in 93 of the 
controls. 


SUMARIO 

Vacunadon AntUuherciilosa con Rejerencia Particular a BCO 

1. El valor de la vacuna BCG para acrecentar la resistencia a la reinfeccidn 
tuberculosa ha sido investigado, bajo condiciones cuidadosamente comprobadas, 
en algunos indios de los Estados Unidos y Alaska. 

2. A 1,551 indios, cuya edad variaba de menos de un ano a 20 anos, y a 123 
reci4n nacidos se les administrd intracutdneamente vacima BCG recidn prepa- 
rada. A1 mismo tiempo, 1,457 indios de edad comparable y viviendo en las 
mismas condiciones recibieron una inyeccidn intracu^nea de suero fisioldgico y 
sirvieron de testigos. Tambi^n se tom6 como testigos a 139 reci6n nacidos. 

3. La inyeccidn de la vacuna no fu6 seguida de la menor reaccidn local o 
general contraproducente. En ningun caso supuraron los ganglios linfdticos 
regionales. 

4. El primitive grupo de vacimados y testigos fu6 pesquisado durante un 
periodo de nueve a once anos por medio de reacciones a la tuberculina y radio- 
grafias tordcicas, y el grupo de recidn nacidos en forma semejante durante seis a 
echo anos. 

5. Los cases vacunados fueron observados durante un total de 16,400 per- 
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sonas-auos y los testigos durante 15,207 personas-anos. La mortalidad per 
todas causas representd 3.1 por 1,000 personas-anos de observacidn en los 
vacunados y 7.2 en los testigos. 

6. Entre los 1,551 vacunados con BCG hubo un total de 55 muertes, com- 
prendiendo 6 debidas a tuberculosis. Entre los 1,457 testigos bubo un total de 
109 muertes, incluso 53 debidas a tuberculosis. La mortabdad tuberculosa 
ascendib a 0.4 y 3.5 en los vacimados y los testigos, respectivamente. 

7. Entre los testigos la mortabdad tuberculosa alcanzd su maximo en los 
varones de los grupos de 15 a 19 y 20 a 24 anos de edad, y en las mujeres en los 
grupos de 10 a 14 y 15 a 19 anos, representando aproximadamente el doble entre 
las mujeres que entre los bombres. 

8. Entre los 123 reci^n nacidos vacimados y observados durante seis a oebo 
anos, 7 ban muerto, ninguno de tuberculosis. Entre los 139 reci^n nacidos 
testigos, 15 ban muerto, 4 de ellos de tuberculosis. 

9. La reaccidn a la tubercubna vird a positiva al ano de la vacunacidn en 93.3 
por ciento de los casos y ba permanecido aprorimadamente a la misma cifra 
durante todo este estudio. Entre los testigos, se volvid positiva en 12.7 por 
ciento en tdrmino de un auo de la reaccidn negativa inicial, babiendo desde 
entonces un aumento constante y paulatino en el porcentaje de testigos que 
reaccionan a la tubercubna. 

10. En 22 de los vacunados y en 120 de los testigos, presentdronse lesiones 
radioldgicamente observables que mostraban las caracteristicas de la tubercu- 
losis primaria, en tanto que en 21 de los vacunados y 93 de los testigos descu- 
bridronse lesiones minimas de tipo reinfeccidn, lesiones evolutivas y lesiones 
gramibcas y extrapulmonares de tuberculosis. 
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RECURRENCE OF COCCIDIOrDAL CAVITIES FOLLOWING 

LOBECTOMY FOR A BLEEDING FOCUS^ 

DAVID E31APIN’ and FRANCIS J. LOVELOCK* 

INTKODUCTION 

Perusal of the literature and personal communication mth sev’^eral workers in 
the field reveal that lobectomy has been performed in a large number of patients 
with coccidioidomycosis, many of whom have not been reported. The indica- 
tions have usually included; ( 1 ) failure of the cavity to close after a period of 
observation; { 3 ) failure of pneumothorax to close such a cavity; and (S) inability 
to differentiate a round roentgenographic shadow of coccidioidal granuloma from 
that of peripheral carcinoma or tuberculoma. Recently, persistent hemorrhage 
has also been regarded as an indication for lobectomy, though to date only two 
cases have been mentioned in the literature (1, 2). 

The purpose of this paper is to discuss briefly the dangers of coccidioidal 
cavities and to report the case of a patient with a bleeding coccidioidal cavity 
treated by lobectomy, who was seen one j'^ear later vith recurrent coccidioidal 
cavities in the remaining lobe of his lung. 

Dangers of Coccidioidal Cavities 

The inlierent threats in coccidioidal cavity have been variously ascribed to: 
(1) contagion, (2) dissemination, and (3) severe hemorrhage. 

Contagion is generally considered improbable. Inhalation of the chlamj'do- 
spores of coccidioides immitis is the only recognized method of acquiring pulmo- 
nary coccidioidomycosis. The change undergone bj’’ the fimgus in the human 
host results in the finding of endospores within the lesion, but chlamydospores 
are not ordinarily demonstrable. Thus, the disease has not heretofore been 
regarded as transmissible from person to person. In Barnes’ discussion of a 
recent paper (1), however, reference is made to the finding of both chlamydo- 
spores and endospores in a coccidioidal cavity which was removed by lobectom 3 ^ 
More recently, Rosenthal and Routien (3) have published results of experiments 
with guinea pigs in which material from human hosts was proven to be con- 
tagious, man to animal and animal to animal. These findings stimulate recon- 
sideration of the problem of contagion, which merits further investigation. 

Dissemination of the fungus in the absence of early walling off of the pulmo- 
nary lesion is a recognized possibility (4, 5). In 1942, Peers, Holman, and Smith 
described a case of solitary coccidioidal cavity in which lobectomy was performed 
because of the danger of spread from the “focalized” lesion throughout the rest of 

* Published with permission of the Chief Medical Director, Department of Medicine 

and Surgery, Veterans Administration, who assumes no responsibility for the opinions 
expressed or conclusions drawn by the author. ^ v t 

5 Resident, Internal Medicine, Veterans Administration Hospital, Bronx, New York. 

* Attending Phj’sician, Chest Diseases, Veterans Administration Hospital, Bron.t 

New York. 


282 


1 


RECURUENCE OF COCCIDIOIDAL CAA'ITY AFl'ER LOBECTOMY 


2S3 


the bod.y. Other papers have also indicated a high degree of resistance to rein- 
fection inherent in the solitary coccidioidal focus (6, 7, S). Nevertheless, the 
recent studies of disseminated coccidioidomycosis by Forbus indicate that 
generalization from an established focus in the bod}’- may occur at any time in the 
course of the disease, even after as long a period as ton years (4), 

Bleeding is a frequent occurrence, but its potential seriousness has seldom 
necessitated comment. Occasional hemoptysis is a common sign which disap- 
pears with spontaneous closure of the cavity. Rarely, the cavity may remain 
open and bleeding bo repeated and severe. This condition may fail to respond to 
collapse therapy and thereby present a serious threat to normal existence. The 
present report illustrates this type of course and also reveals a previously unre- 
ported complication, f.c., the lighting up of hidden foci of pulmonary coccidioidal 
granulomata after removal of a solitary focus. 

CASE REPORT 

The patient, a 23-year-old white male, entered the Veterans Administration Hospital, 
Bronx, New York, August 4, 194G, complaining of repeated episodes of “coughing up 
blood.” His initial sjuiiptoms began in March 1945, when, while performing calisthenics, 
he had a spontaneous hemoptysis productive of approxim.ately one pint of bright red 
blood. Bleeding recurred the next day, and he was admitted to the Will Rogers Field 
Hospital, Oklahoma. 

The patient had previously been in good health. In October 1942, he had enlisted in 
the A.A.F. and completed a year’s basic training at various air fields located in the south- 
west (Amarillo, Texas; San Diego, California; Tucson, Arizona, and Albuquerque, New 
]\Ie.xico). He was sent to Italy in December 1943, and in fifteen months had flown on 
fifty air missions, followed by furlough to the United States. His health had been 
excellent throughout this entire period and, e.xcept for a mild frostbite of the feet, and 
scabies, he had had no significant illnesses. 

Investigation for tuberculosis at Will Rogers Field Hospital was negative and the 
patient was transferred to the Fitzsimmons General Hospital, Denver, Colorado. There 
he was told he had coccidioidomycosis of the lung with a cavity in the right upper lobe. 
He was advised that the cavity would close and was discharged from the Army in June 
1945. 

From that time until his admission to the Veterans Hospital he had frequent bouts of 
hemoptysis, some of which amounted to as much as a pint, and by May, 1946, any moder- 
ate exertion was sufficient to excite a hemorrhage. The patient became apprehensive and 
nervous and was unable to pursue his normal occupation of truck-driving because of the 
constant threat of sudden copious hemoptysis. 

In August 1946, after a severe bout of bleeding, he was referred to this hospital. He 
had lost 23 pounds in the preceding three months and had developed a dull ache at the 
right upper parasternal border. 

Physical Examination On Admission: The patient was a tall, fairly well developed, 
white male in no apparent distress. Temperature was 99°F. and, aside from a mild pallor 
of the mucous membranes and skin, there were no abnormal physical findings. 

Laboratory Data: The erythrocyte count varied from 3,000,000 to 4,000,000 per cu. mm. 
with 12 grams of hemoglobin. The total leucocyte count ranged from 11,000 to 5,200 
per cu. mm. with 2 to 4 per cent eosinophils. The erythrocyte sedimentation rate (Cutler 
Method) ranged between 18 mm. to 9 mm. per hour. Urinalyses and serologic tests for 



284 


ICRAPIIC AND lovelock: 


sj^philis were negative. E-xamination of sputum and gastric washings revealed no tubercle 
bacilli. Cultures of the sputum and bronchial secretions were negative for coccidioides 
immitis. Intracutaneous tuberculin tests with PPD were negative. TJie coccidiodin 
skin test was positive in a 1 :10 dilution on three separate occasions. The same antigen 
produced a marked skin reaction in another patient in a 1 :1,000 dilution. 

The first seiies of roentgenograms showed a lesion in the right ape.x, which was intw- 
preted as mmimal pulmonaiy tuberculosis. A cnvity was not ■visualized in the con- 
ventional postero-anterior films. A subsequent film in the lordotic view, however, 
revealed a small, round, tliin walled ctwity in the right ape.x (figure 1). 


. * •v'fc » 





Pig. 1. November 15, 1940. A lordotic view of the chest demonstrating the round, thin 
walled cavity in the right apex. 

In the differential diagnosis, tuberculosis, coccidioidomycosis, and chronic abscess were 
considered. Failure to find tubercle bacilli in the sputum and tlio negative tuberculin 
tests were believed to exclude the possibility of tuberculosis, and the history was not 
suggestive of chronic abscess. Thus, partly by exclusion, and partly by virtue of a 
weakly positive coccidioidin test with histoij' of residence in an endemic area, the clinical 
impression of coceidioidoraj'cosis was felt to be reasonable. Actually, however, the 
inability to demonstrate the etioiogic organism prevented a positive clinical diagnosis. 

Course: Because of recurrent bleeding, a right pneumothorax was instituted, but failed 
to collapse the cavity-baaring araa wliich was broadly adherent. Thoracoplasty was con- 
sidered but was rejected, in view of the improbability of tuberculosis and the jw.^sibility 
of cavity epithclialization. It was felt that if a coccidioidal aivity or nonspecific chronic 
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abscess were present, lobectomy would remove the entire diseased area, including the 
source of bleeding. On November 20, 1946, lobectomy was performed by Dr. Elliott 
ISlichelson, assisted by Dr. Richmond L. Moore and Dr. Gustave A. Haggstrom. 

Operation: At operation a large, thick, vascular adhesion, which bound the cavitary 
portion of the apex of the right upper lobe to the extreme cupola of the chest wall, was 
demonstrated. Except for this adhesion, the pleura was smooth and glistening and 
showed no evidence of disease. No fissure existed between the right upper and right 
middle lobes and it was found necessary to remove these two en masse. The operation 
was not technically difficult and the patient’s condition was satisfactory throughout the 
procedure. 



Fig. 2. Histologic section of pulmonary parenchyma showing giant cell containing 
doubly refractile body within which endospores of coccidioides immitis are visible (X 430). 

Histopathology; The surgical specimen consisted of the right upper and middle lobes 
of the right upper bronchus. When sectioned and opened, the distal two-thirds were 
dilated and opened into a cavity 2.5 cm. in diameter. The cavity lining was rough and 
fibrotic and presented numerous irregularly shaped gray thickened patches extending 
into surrounding compressed parenchyma. Histologic section revealed tubercles com- 
posed of epithelioid cells scattered throughout the parenchyma surrounding the cavity and 
the proximal bronchus. Large giant cells (figure 2) were noted. Some of these cells 
contained doubly refractile bodies within which were seen endospores of coccidioides 
immitis. There was fibrous tissue around some tubercles containing many lymphocytes. 
A part of the bronchus showed marked hyalinization of the basement membrane ndth 
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inflanuuatorj’' infiltrate piesent ’nitliin the subnuicosa. Hbrosis was also noted in the 
wall with numerous eosinopliil and Ijunphocji-ic infiltrations. Tlie mucosal lining of the 
dilated bronchus was intact, though flattened and distorted, and the mj-oelasiic layer was 
thinned and stretched. The section was interpreted by Dr. E. S. Olsen, pathologist, and 
reviewed by Di. Fred Steuait, Consultant in Pathologj', who concurred iu the diagnosis 
of coccidioidomj'cosis. 

Postoperative Course: Tlie patient had a relativel 5 '' uneventful postoperative course. 
He developed a moderate right hydropneiimothorax, which quickly resorbed with sub- 
sequent e-xpansion of the right lower lobe to fill the chest cage. By November 26, 1946, 
he was ambulant, and on December 14, 1946, he was discharged from the hospital’ 
sjmrptom free. 

A follow-up examination on June 5, 1947, revealed that the patient had gained 17 
pounds since discharge. He complained of occasional d}'spnea, eas 3 ' fatigue on exertion, 
occasional palpitation of the heart, and cough productive of a small amount (4 to S cc.) 
of gray wliite phlegm. There had been no recurrence of heniopt 3 'sis. Piy'slca! e.vami- 
nation revealed a slight lag in expansion of the right hemithorax, diminished fremitus, and 
diminished breath sounds oxer the right posterior base. Theie were no cardiac abnor- 
malities. Laborator 3 ' studies showed: an ei’ 3 'throc 3 'te count of 4.73 million per cu. mm. 
with 16 grams of hemoglobin; a total leueoc 3 ’te count of 6.S thousand per cu. mm. with 
66 per cent neutrophils, 32 per cent i 3 'mphoc 3 ’tes and 2 per cent monoc 3 'tes; and an 
er 3 'throc 3 ''te sedimentation rate of 6 mm. jjer hour (Cutler hlethod). Two sputum studies 
(performed in an outside laboratoiy) were reported negative for coccidioides immitis. 
The vital capacitj'' was 3.6 litei-s (normal 5.0 litere). The electrocardiogram was normal 
and the chest roentgenogram revealed no e%'idence of active coccidioidal disease. 

In November 1947, the patient returned to work, which consisted of moving 50 jiound 
shingles for eight hours each da 3 '. Shortl 3 ’’ thereafter, he noted the return of his cough 
and a gradual loss in weight. In December 1947, a low grade fever became aiqxarent. 
His sputum increased to ISO cc. daily and was tinged with bright red blood. 

Rcadmisston to hospital: On admission to this hospital in Januai^' 194S, he was found 
to have lost 13 pounds since last seeji (June 1947). There was a lag of the right hemi- 
thorax, and dimhiished breath sounds and fremitus in this area. A slight wheeze over 
the right apex was heard, but no rales or other adventitious sounds were present. Tiie 
er 3 ’throc 3 de count was 4.5 million per cu. mm. with 15 grams of hemoglobin, and the total 
leucoc 3 ’te count was 11,450 with 76 ])er cent neutrophils, 10 per cent eosinojihils and 14 
per cent l 3 Tnphoc 3 des. The er 3 'throcyte sedimentation rate was 1 1 mm. per hour (Cutler 
Method). Examination of one sputum smear revealed a suspicious endospore, but eight 
cultures and guinea pig innoculations of the sputum failed to pioducc evidence of coc- 
cidioides immitis or tubercle bacilli, hlonilia albicans was found in profusion. A skin 
test with coccidioidin was positive in a 1 :10 dilution. The tuberculin test was negati\-e. 

A complement fixation test for coccidioidonycosis (done through the courtc.s 3 ' of Dr. 
Charles E. Smith of Stanford Univei-sit 3 ') was equivocal (2 plus in a 1:2 dilution). A 
precipitin test with the same antigen was also negative. Doctor Smith indicated that 
this was compatible nith coccidioidal cavitation and, in view of the low titer of the com- 
plement fi.xation test, felt that the disease was not progressive or disseminating. 

Serial roentgenograms and laminographs of the chest revealed a moderate amount of 
infiltration in the right upper lung field from the first to the seventh ribs, aiifl throe large 
thin walled annular c.a^^ties in the posterior segment of this lung (figure 3). There was 
calcification in both hilar areas. The left lung was free of disease. Urine cultures and 
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bone surve 3 rs revealed no evidence of disseminated coccidioidomj^cosis. Bronchoscop}' 
showed no local disease in the bronchial tree. The right lower lobe, middle lobe and upper 
lobe orifices were all seen. The upper lobe orifice was occluded and slit-like. The middle 
lobe orifice was open. Whitish secretion was coming from the right lower lobe bronchus. 
The apical branch of the right lower lobe was not visualized. 



Fig. 3. Februarj' 10, 1948. A postero-anterior view of the chest showing three thin 
walled annular cavities in the posterior segment of the right lung. 

The patient had a low grade fever for several days and continued to cough up increasing 
amounts of bloody sputum. A one month trial period of strict bed-rest resulted in a 
normal temperature and blood count and the sputum decreased slightly in amount. The 
hemoptyses continued, however, and roentgenograms revealed no change in the size of the 
lung cavities. 

It was felt that further excisional surgerj’' was not indicated in this patient because of 
the possible systemic nature of the disease and the follow-up results of his lobectomJ^ 
From the long range view point, ]3ermanent collapse therapy, followed bj^ a period of 
supervised rest, seemed advisable. On March 5, 1948, a first stage thoracoplasty (per- 
formed bj^ Dr. Walter Wahrenberger and Dr. Paul Kirschner), with resection of the first 
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three ribs, was done, and on March 19th the fourth, fifth, sixth and seventh ribs were 
resected b 3 ’' Dr. Bernard J. Ilj''an and Dr. Paul Birschner. A satisfactorj’ collapse was 
obtained, and postoperative convalescence was uneventful. 

COJUIENT 

The patient was in good health from the period of exposm-e in 1943 to iMarch 
1945, and fits into that group of patients who show no signs of disease prior to the 
first hemoptysis. His bleeding was persistent and incapacitating. It gave rise 
to a chronic anemia, afforded a constant threat to his well-being .and ment.al 
securit}’-, and reduced his functional status to that of an invalid. 

During the patient’s first admission in August 1946, although it was never 
possible to isolate coccidioides immitis, and the sldn tests were onl}'' weaklj’ 
positive, it was felt that the history, clinical course, and roentgenographic 
appearance of the caxdt 3 '’ were compatible with the diagnosis of coccidioidonyco- 
sis. On that admission, pneumothorax failed to collapse the cavit 3 ’' because of 
apical adhesions. Thoracoplast}'’ was considered and, in retrospect, might have 
resulted in satisfactory closure of the caAdt}’’ with eventual fibrosis 63 ’’ apposition 
of the granulating surfaces as in tuberculosis. In the hope of removing the 
disease focus completel}’', however, and hence preventmg furtlrer bleeding, 
lobectom}’' was decided upon. 

The reappearance of the patient’s s 3 Tnptoms and the cavitation in the remain- 
ing lung lobe were doubtless influenced b 3 ’' the strenuous exertion demanded b}’’ 
his work, "with the coincident overe.xpansiou of the remaining lobe of the right 
lung. This is the first recorded instance, to the writer’s loiowledge, of the recur- 
rence of coccidioidal cavities in the lung following lobectom 3 '. Personal com- 
munication vdth Dr. Charles E. Smith of Stanford Universit 3 ’’ reveals that 
patients who have undergone lobectomy for coccidioidal infection generall 3 ' do 
well. Follow-up studies, however, have not previousl 3 '' been reported. 

Usuall}' the patient with a residual coccidioidal cavit}^ does well on conserva- 
tive therap 3 ’’ (9, 10, 11) and after several weeks or months the c.avit 3 ' gradu.all 3 ' 
closes and heals, leaving a small residual scar. Surgeiy is rarel 3 '- neccssaiy. 
Pneumothorax, when tried, has occasionall 3 ’- resulted in tension cavities (1), and 
cases of persistent cavit 3 ’', even after two 3 '^cars of pneumothorax, have been 
reported (5, 11). More recent, lobectomies have been done in increasing 
numbers. With the present case in mind, the decision in favor of lobectomy 
should be made udth caution. Forbus has shown that small coccidioidal foci 
in the lung ma}^ lie doi-mant for 3 '-eai's and then flare up with a resultant dissemi- 
nation throughout the body (4). The present case illustrates this danger, al- 
though fortunately no evidence of dissemination or progressive disease was 
apparent in this patient. With the difficult 3 ’- attendant on the detect ion of these 
small granulomatous lesions by roentgenogram ( 12 ) and the possibility of their 
reanimation, it seems plausible, in therapy, to stress the principle of enforced 
rest of the affected parts. It would seem that this can be most satisfactorily 
accomplished by thoracoplasty. Not only docs permanent collapse prevent 
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undue expansion of the residual lobes, but it also favors the coaptation of the 
cavity vails and healing with scarring and fibrosis. 

SUaLMARY 

1. A brief discussion of the recognized indications for lobectomy and the 
inherent dangers in pulmonai^' coccidioidomycosis is presented. 

2. A case is reported in vhich persistent hemoptysis from a coccidioidal cavity 
proved severe enough to warrant surgical resection of the involved lobe. 

3. After a period of one year, the case was complicated by the appearance of 
coccidioidal cavities in the remaining lobe of the previously operated lung. 

suaiARio 

Rcciirrcncia de Cavemas Cocddioidcas despttis de una Loiectomia por Foco Hemo- 

rrdgico 

1. En una breve reseua se repasan las indicaciones reconocidas de la lobectomfa 
y los peligros que entraua en la coccidioidomicosis pulmonar. 

2. Comunfease un case en el cual la persistente hemoptisis procedente de una 
cavema coccidioidea resultd tan grave que justified la reseccidn quiriirgica del 
Idbulo afectado. 

3. A1 cabo de un ano, complied el caso la aparicidn de cavemas coccidioideas 
en el Idbulo restante del puhndn previamente operado. 
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THORACOPLASTY WITHOUT APICOLYSIS 
CHAIILES DO.>tOKOS' 

The modificadons of thoracoplasty arc hUU increasing in number. From this 
fact it is evident that, the surgeons are not .satisfied with the results obtained and 
there is a trend toward clTorts to attain a higher percentage of restitution. In 
the writer’.s opinion, much better results can hardly bo expected. The compari- 
son of the results obtaincel by thoracopl.asly and pneumothomx, rcspcctivclj’’, 
sliow that the percentage of those patients cured by thoracoplasty is not lower 
than that of the patients cured by pneumothomx. The surgeons conccnicd with 
the collapse treatment of pulmonarj* tuberculosis have to be satisfied with the 
fact that restoration c.annot be attained in more, than 70 per cent of the eases, 
even if the patients to be operated arc so carefully selected ns to ensure a favorable 
prognosis. Operative mortality, disturbed wound hc.aling and, particularly, the 
c.xnccrb.ation of the process collapsed at operation .are factors to bo reckoned with. 
Everj' surgeon has had cases in which operation has been followed by restitution 
against c.xpcctation while other eases c.xhibiting an apparently good prognosis 
have been lost. 

Saucrbruch intended onlj' to loosen the lungs by his operation which, when 
performed properly, was followed by good results. 

In contrast, Graf cmplaasired that only a complete collapse could bring about 
healing. He considered restoration following an incomplete collapse a fortuitous 
circumstance. Therefore, as carlj* as 1930, he suggested a complete horizontal 
elimination of the apical area in order to bring about a thorough collapse. He 
performed widespread apicob’ses, a method soon adopted by nearly all surgeons, 
though most of them suggested various modifications regarding apicolysis. Of 
these tlie modification initiated by Semb should be mentioned. This author has 
emphasized that the apex may, following apicolysis, dilate within the ca\it 3 '’ left 
below' the shoulder muscles and the scapula so that the success of the operation 
may be lessened or annihilated. Semb’s procedure is doubtless the best, jmt it 
has not been widely adopted, probablj' because the results obtained by other 
modifications are not perceptibly worse. 

As in anj' other branch of surgerj', the operative methods aiming at a cure for 
tuberculosis have the goal of attempting to bring about the best conditions of 
healing by means of the slightest intciw'cntion. The main object is invariably 
restoration. A simple operation, well tolerated by the patients, is not acceptable 
if its restoration percentage is low’. For this reason, plombage or drainage of the 
cavity are operations of historical interest only and the instances suitable for 
extrapleural pneiunothorax or oleothorax are rather infrequent. 

The high number of ideas and suggested operations is by itself proof of the 
inadequacy of our knowledge of the essential features of the pulmonary processes 
and of the mechanical and dynamic factors prevailing in the thorax. It would 
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be ea^ to select the most suitable operative procedure in a given case if these 
factors were precisely known. 

No doubt, much progress has been made in this field since the epoch of the so- 
called type operations came to its end about 1930. The sequel of the new trend 
has been a mass of modifications among which the choice of the most suitable 
one was a difficult task even for a trained surgeon. Although “tjq)e operations” 
are superseded, every surgeon concerned with collapse therapy has chosen a 
method to be applied more or less routine^’-,- the only variety being the adapta- 
tion of the procedure to the extension of the process. Thus, evei^’’ surgeon aims 
at working out an operative procedure to be applied in all cases of puhnonarj' 
disease with a hope for success. 

The writer had the opportunity to obsenm Graf’s work. First, he advocated 
thoracoplasty, then extrapleural pneumothorax and oleothorax, and finally he 
returned to thoracoplastj’^ because, in his opinion, the results of the extrapleural 
procedures had not been satisfactor 3 ^ The technique of the thoracoplast}'' 
applied by him is similar to that based on the original idea of Sauerbruch. The 
enormous material treated by Graf (over 2,000 cases of e.xtrapleural oleothorax) 
should have afforded an opportimity to find the most suitable form of collapse 
therapy on an experimental basis. In 1941, he told the writer that his method 
recently developed and termed “extraperiosteal thoracoplasty” seemed to be 
the most promising of all employed up to that time and that consequently he 
intended to use this method routinely. In the course of this operation, ribs are 
excised paravertebrally, together with the periosteum, in such a way that a 3 cm. 
piece of the first rib and 8 to 10 cm. of the other ribs are removed and the medial 
stumps are e.xarticulated. Two weeks later, a second stage is performed con- 
sisting of the removal of the cartilages of ribs one to four and, between the 
Tnamillnr and anterior axillarj" line, a piece measuring 2 to 3 cm. each of the ribs 
two, three and four, together with their periosteum. No apicol 3 'sis is performed 
Avith the e.xcision of the ribs. Hie operation results in an "excessive mobilization 
of the thorax” and j'et fails to bring about an absolute collapse. Healing, in- 
cluding the closure of the cavity, would be executed by the shrinkage occurring 
within the thorax. The operation is Aurtually a Icind of thoracoplasty applicable 
to various tj^ies of process, without regard to the size and situation of cavities. 
The development of Graf’s Aiews on collapse therap 5 q from originally adAmcating 
large-scale apicoljAsis to cA’^entuallj' omitting apicol 3 'sis, is an interesting process. 
As yet, the AATiter has had no opportunit 3 ’’ to apply this method of Graf’s though 
the results obserA-ed in his department AA’ere rather good. 

Apicolysis has been omitted also b3’' Maurer in his apicoplast3% The Avritcr 
performs apicoplast3’’ AA’ith jMaurer’s method, A\ith the addition that the ribs are 
exarticulated in order to enhance collapse. The good results obtained b3' this 
procedure suggested that thoracoplasty AA'ithout apico^'sis might be adAusable. 
This notion was strengthened b3' the obscr\mtion that in those instances in Avhich 
apicolysis could not be performed on account of AA'idespread adhesions the results 
were no vrorse than Avhen apicob'sis was performed. Moreover, cases Averc ob- 
served in AA-hich the patient healed despite the fact that apico^-sis Avas successful 
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on the lateral part only and the medially situated cavity remained distended. 
In other cases it sank into a “dead space” and, despite the repeated corrective 
operations performed later, could not be collapsed. 

As mentioned above, the writer performs Maurer’s apicoplasty in apical proc- 
esses. The second stage is performed two weeks later from a similar para- 
vertebral incision. The length of the costal pieces to be removed of the four 
upper ribs is calculated from the chest film as follows: If an alteration is present 
extending to the sixth rib, of the ribs superior to the border of alteration a section 
is removed, the initial point of which lies paravertebrally and the end point at 
the crossing with the sixth rib. In other words, the whole paravertebral part of 
the ribs superior to the border of the alteration (sixth rib) is removed. If the 
pathologic process has spread down below the fifth rib, the eight rib thoracoplasty 
is the operation of choice. The latter is performed as a two stage operation from 
below upward. After a paravertebral block anaesthesia, a paravertebral incision 
is made, the lower half of which is directed slightly outward. After the muscles 
have been severed, the ribs to be excised (five, six, seven, and eight) are exposed. 
Their periosteum is incised and removed, then a paravertebral piece of them, 
measuring 14 to 15 cm., is excised subperiosteally and finally the medial stumps 
of the ribs are exarticulated. In the region of the excised ribs, their periosteal 
sheaths, the intercostal muscles, vessels, and nerves, are dissected off the pleura 
and removed except for the eighth intercostal nerve. As is commonly known, the 
intercostal nerves downward from the eighth supply trophic fibers to the ab- 
dominal muscles. Hence, they must be spared for othervdse the upper part of the 
abdominal muscles would undergo atrophy and herniation. Bleeding is con- 
trolled and the wound should heal by primary closure. The length of the rib 
parts to be removed can be estimated from the chest film. In a process extending 
to the sixth rib, the second rib is nearly totally excised, whereas in an alteration 
extending to the seventh rib the whole bony part of the rib should be removed. 
The medial stumps are exarticulated, the periosteum and the intercostal soft 
parts are left in place and primary closure is made. 

There are several reasons why it is advisable to commence the operation at its 
lower point. Operation on the lower part is easier to perform and better tolerated 
by the patient as it causes no strain on the pulmonary circulation. The fact that 
costal respiration is abolished vdll not impair the total gas interchange. No 
parado.xical respiration ensues and the hazard of the operation consists in the 
shock. Moreover, the first stage may be considered a clinical-biological experi- 
ment which affords a reliable test for judging the general condition of the patient, 
the capacity of his circulation, and the reaction of the pulmonar}^ process to the 
intervention. The time at which the second stage should be performed maj’’ be 
determined in accordance with the general condition of the patient for the costal 
regenerations developing in four to eight weeks do not interfere with the success 
of the second stage. 

On a theoretical basis, which. is supported by clinical observations as well, the 
interv’al between the two stages should be at least three weeks. This is the time 
needed for the mediastinum to become fastened at its upper part. Otherwise 
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excessive mobilization due to the second stage ma}’- result in mediastinal fibrilla- 
tion or paradoxical respiration to such an extent as to form a serious danger for 
the patient. 

The periosteum of the four upper ribs are left intact because here the chest vail 
may, especially on the side and in front, become too loose after the costal perios- 
teum has been removed. This condition may frequently be obsemd after 
Graf’s operation of mobilizing the anterior thorax wall. The periosteum of the 
lower ribs may safely be removed because this part is protected by the scapula. 
Exarticulation of the ribs is an additional factor in tlie collapse and the “dead 
space” lying by the vertebral column is thus reduced to a minimum . 

The writer performs the ten rib thoracoplasty in a similar manner, apart from 
its division into three stages consisting of three, three, and four ribs, respective!}'. 
The four upper ribs are excised in the last stage. As in the eight rib thoraco- 
plasty, the eighth intercostal nerve and the ninth and tenth nerves are spared. 
In a ten rib thoracoplasty, occasionally the third rib may be excised as far forward 
as the costochondral jimction. Through the exarticulation of the ribs, after 
having resected the first rib totally and the second one subtotally, the collapse of 
the apex will be complete without apicolysis. Thus the complications of the 
apicolysis may be prevented and the final and simultaneous!}' most difficult stage 
of the operation is abbreviated. The latter fact is relevant in the cases in which 
the general condition of the patient is unsatisfactor}'. 

The ten rib thoracoplasty is performed like the eight rib operation, starting 
from below and completed in three stages. The intcn'al between the single 
stages is lilcewise three weeks. In the first stage a piece 12 to 14 cm. each of the 
ribs ten, nine, and eight is excised near the vertebral column and the medial 
stumps are exarticulated. The periosteal sheaths, the intercostal muscles, 
vessels, and nerves are e.xposed and, apart from the nen'es, removed. Dissection 
of the ner\'es is readily done as they course just below the periosteal sheath. In 
the follov'ing the procedure is the same as in the eight rib thoracoplasty, apart 
from the fact that, if the process has spread below the sixth rib, the second rib is 
e.xcised like the first one up to the cartilage whereas the third rib will be resected 
subtotally. 

As a rule, e.xcision of large sections of the rib or their total removal can be done 
wthout technical difficulties. The fact that the inferior ribs have formerly been 
removed is an additional factor rendering the removal of the upper ribs easier, 

Apicoplasty without apicolysis has been performed in 40 cases to date. 
Though the idea had been developed many years ago, it could not be executed on 
account of World War II, which interrupted the mritcr’s usual work in thoracic 
surgery. Tims the work initiated could not be continued until the end of the war. 

Of the 40 operated cases, three died. One patient died on the fourth post- 
operative day of myocardial failure; the second on the 3rd postoperative day of a 
pneumonitis involving the whole upper lobe; the third patient became the victim 
of a rapid progression on the twenty-seventh postoperative day. In two cases, 
the first stage was followed by a progression which prevented the performance of 
the second stage. In one case in which there was a carity of 7 cm. in diameter 
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extending to the seventh rib, a residual cavit}' remained. In the other 34 cases, 
all sjmiptoms disappeared within four months. These results arc preliminary, as 
the longest follow-up since operation is only two years. Nevertheless the total 
mortality of 15 per cent seems favorable when compared with the immediate 
results with other methods. 

Tlic writer is aware of h.aving committed the same error as other workers in 
thoracic surgery, i.c., developing a “type operation”, though the epoch of the 
“tj-pe opcnitions” is over. Nevertheless, the results observed are at least as 
good as those observ’cd after other operations. Moreover, as the mechanical, 
djTiaraic, and biologic factors influencing the pathologic process are not suffi- 
ciently loiown, a procedure practicable in nearly all cases seems to be 
advantageous. 

It is re.alized that 40 cases do not suffice to form a final opinion for they might 
have constituted a lucky series which may be followed by less favorable cases. 
In the writer’s opinion, however, optimism may be justified because of the fact 
that the cases operated on had not been selected. 

SlBOfAHY 

Tlioracoplasty without apicotysis may result in restoration of the patient if the 
chest wall covering the pathologic process has beeen e.xcessivcly mobUized by 
remo\ing not only the first rib, but also the second rib, totally or subtotally, 
i.c., to the cartilage. Exarticulation of the medial stumps is an additional 
factor which favors good collapse. If the operation is performed from below 
upward it is possible to do the second stage after the mediastinum has been 
fastened b}' cicatrization and, hence, complications resulting from a mobile 
mediastinnm will not occur. Of 40 patients operated in this way, three died 
following operation, two suffered from rapid progression rendering the second 
stage impracticable, and in one case a residual ca^^ty persisted. Thirty-four 
patients displayed clinical restitution having become free of symptoms within 
four months. Thus the operation was successful in 85 per cent of the cases. 

StTMAKIO 

Toracoplaslia sin Apicolisis 

La toracoplastia sin apicolisis puede lograr el restablecuniento del enfermo si la 
pared toracica que recubre el proceso patoldgico ha sido extremadamente movili- 
zada mediante la extirpacidn, no s61o de la primera costilla, sino tambife de la 
segunda, del todo o en parte, es decir, hasta el cartilage. La exarticulacidn de 
los munones mediales constituye otro factor m4s en pro de un buen colapso. 
Si se ejecuta la intervencidn de abajo para arriba, es posible pasar a la segunda 
etapa despufe que la cicatrizacidn ha fijado el mediastino, evitando as! que 
sobrevengan las complicaciones debidas a im mediastino movible. De 40 
enfermos operados en esta forma, 3 murieron despuSs de la operacidn, 2 mostraron 
rdpida agravacidn que impidid el segundo tiempo, y en un case persistid tma 
cavema residual. Treinta y cuatro pacientes manifestaron reposicidn cKnica, 
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quedando asintomaticos en t^nnino de cuatro meses. La operacidn obtuvo 
pues, dxito en 85 por ciento de los cases. 
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FOUR RIB APICOPLASTY WITH PLACING THE SCAPULA 
INTO THE THORAX 

CHARLES DOMOKOS* 

It is common knowledge that 80 per cent of the tuberculous pulmonary lesions 
treated by operation are in the upper part of the lungs and one-fourth of latter 
are situated in the apex. Therefore, the idea of apicoplasty has been raised, 
virtually simultaneously, by various authors. Among the first of these were the 
French surgeons, Lerich and Bemou. Subsequently (1929) Walter Graf was 
active in this field. Bonniot, in 1927, was the first to remove the whole first rib 
whereby the technique of apicoplasty could be developed. It is rather diflScult 
to define the conception of apicoplasty. Generally, by apicoplasty is meant a 
thoracoplasty involving four or at most five ribs while the lower half of the 
scapula is supported by the ribs left intact. The real apicoplasty most fre- 
quently performed is one involving four ribs because by this procedure a proper 
collapse of the apex can be brought about. Excision of the fifth or sixth rib is 
less frequently done because, with their removal, there is a danger that the 
scapula will fall obliquely forward, lie tightly on the intact ribs, and elicit pain by 
gliding on them to and fro. Furthermore, there remains, after an apicoplasty of 
such extension, a large dead space below the scapula. Consequently, it is wiser 
to perform an eight rib upper thoracoplasty instead of a five or six rib apicoplasty. 

Surgical collapse therapy will not result in complete restoration of the patient 
unless the collapse of the part of the limg holding the cavity is complete. Resto- 
ration following an insufficient collapse may be due to a fortunate accident which 
should not be relied upon. The same principle also holds true for apicoplasty. 
The results of apicoplasty are, however, by no means completely satisfactory, as 
seen from the fact that from year to year modifications have been developed. 
Many workers have been engaged in developing a procedure likely to bring about 
a complete collapse of the pathologic process containing the cavity. Graf and 
Schmidt tried to substitute extrapleural pnemnothorax or oleothorax for the 
apicoplasty. Although these procedures achieved collapse, they frequently 
failed to result in satisfactoiy recovery. 

No doubt, the best method of treating an apical lesion is the eight rib upper 
thoracoplasty, following which the whole scapula sinks into the operated area. 
After an apicoplasty there remains, under the scapula, a dead space filled with 
blood and exudate. Later on, when these fluids have been absorbed, the 
collapsed apex would dilate whereby the result might be impaired. The process 
is the same as can occasionally be observed after apicolysis. The apicolysis 
associated with apicoplasty may involve another danger that there may be a 
downward migration of the cavity to a position where it would be distended 
again. In these cases, further ribs must be excised. The situation is even 
worse when the cavity is in the neighborhood of the “dead space” because in this 
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case no correction would help. Overholt and Tubbs have suggested the excision 
of the lower part of the scapula in order to promote its fall into the thorax and 
thus prevent the dead space, Graf and Schmidt recommended the application 
of a supporting plomb in an effort to improve the procedures. These modifica- 
ions have also failed. 

The aforementioned drawbacks attending apicoplasty may be eliminated by 
Maurer’s apicoplasty, in which the scapula is placed in the thorax. 

The operation involves the upper four or five ribs. It is, in both cases, a two stage 
operation. 

A nearly horizontal incision is recommended, starting at the level of the second rib near 
the vertebra and running slightly downward obliquely to the posterior margin of the axilla, 
A longitudinal incision, which is started paravertebrallj'' with a slight lateral curve in its 
lower half, is similarly adequate. The incision mentioned first is more sparing of the 
muscles and also has cosmetic and functional advantages, but does involve considerable 
technical difficulties. 

In the first stage of Maurer’s two stage operation a paravertebral subperiosteal resection 
of ribs five and four over a section measuring about 14 cm. is made. Then the periosteal 
sheaths, together with the intercostal vessels, nerves, and muscles, arc dissect^ off the 
pleura and remo%'ed in an e-xtension corresponding with the resected ribs. Tlio sixth and 
seventh intercostal nerves are prepared and a piece measuring 2 to 3 cm. of c.ach of them is 
excised. These nerves are readily found ne-w the spine if the periosteum of the ribs is 
incised and removed. The nerve is located at the lower border of the rib under the 
periosteum. This first stage is inefficient from the viewpoint of the collapse and its only 
action is the paralysis of the costal respiration at the middle portion of the chest, as a 
sequel of the nerve e.xcision. The second stage should take place after tlirco weeks. 
Starting from the scar of the first operation, the region of the three upper ribs to be 
e.xcised is exposed. A 14 cm. segment is removed from the tliird rib and a 1 2 cm. segment 
from the second rib, while the first rib is e.xciscd to the cartilage. At this time the soft 
parts of the e.\cised ribs are left in place. Afterwards an incision is made at the upper 
margin of the sixth rib. The layer containing the fascia cndothoracica and the parietal 
pleujra. is bluntly prepared and the lung is axtraplcumlly separated with the finger from 
the sixth to the eighth ribs on both sides from the spine to the posterior axillarj' line. In 
this manner an extrapleural pouch of considerable size is created between the lung and the 
bony thorax in the region of the excised ribs. The posterior aspect of the lower half of 
the scapula is freed of the muscles which arc inserted there and is energetically elevated 
and placed above the intact sixth rib into the extrapleural pouch. The scapula thu.s dis- 
located stands imder the downward traction of the muscles of the shoulder girdle and 
hence will not return to its original place. The wound is closed primarily in the usual 
layers. The four rib variety of this operation is similar to the one described. In the first 
stage, paravertebral subperiosteal excision of the fourth and third ribs (14 cm. of each) is 
accomplished with the removal of the corresponding soft parts (intercostal muscles, 
vessels, and nerccs) and a 2 to 3 cm. segment of tlic fifth and sixth intercostal non-cs. 

In the second stage. 12 cm. of the second rib and the whole first rib arc resected. The 
extrapleural pouch is formed from the fifth rib onward and the seapula is elevated and 
placed into the pouch as in the fifth rib variety. Tlie scapula placed into the pouch will 
glide, with its posterior aspect, on the inner surface of the intact lower ribs. Tlwe 
movements will cause no pain, however, because the ncives of these ribs have been severed. 

The Maurer procedure enhances the collapse of the apex by exerting a prc.ssure 
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from behind forward. A further additional factor which facilitates collapse is 
the extrapleural separation of the lung. Maurer holds the view that this pro- 
cedure accomplishes a thorough collapse, whereas the result of the operation is 
the same as that achieved by. an eight rib thoracopalsty. He suggests a two 
stage operation for two reasons: first, there is a first stage representing very 
little strain only; second, it is a trial seiwing as a tolerance test and a test from 
which the reacting capacity of the process may be seen. The interval elapsing 
between the two stages need not be rigidly fixed because the result of the second 
stage will not be impaired by the rib regeneration following the first stage. 
Maurer suggests, however, an interval of at lease six weeks. 

The writer has made observations which indicate that Maurer’s four rib 
apicoplasty should be done as a one stage operation. 

In one case, a cavity was at the height of the removed third and fourth ribs and 
became distended after they were removed at the first stage. The lung under- 
went infiltration which extended throughout nearly the whole upper half of the 
limg. The nut sized cavity rapidly increased until, on the ninth postoperative 
day, profuse bleeding occurred and the patient died of suffocation. In another 
case, a pathologic process extending to the seventh rib unexpectedly healed after 
Maurer’s four rib apicoplasty was performed in two stages. As to the first case, 
a one stage operation would very likely have resulted iii’a .collapse which would 
have prevented the distension of the cavity and the rapid progression. Simi- 
lar observations regarding two stage thoracoplasty have pointed to the critical 
interval between the two stages. Several authors (Sauerbruch, Brurmer, Denlc, 
Sebest^ny, and others) have reported that in about 10 per cent of all cases such 
a rapid progression ensues that fatal outcome is the rule. According to the 
writer’s experience, this percentage is not exaggerated. Furthermore, attention 
is called to the fact that the double surgical exposure of a small area at a short 
interval will doubtless interfere with wound healing. Even in cases like the 
second one cited above, there is no advantage in dividing the operation into 
two stages because failure of the second operation involves the necessity of a 
third operation. 

Because of the above considerations, the writer decided to perform Maurer’s 
four-rib apicoplasty as a one stage operation. The paravertebral incision is 
started from the first rib and led do^vnward to the fifth rib, then laterally along the 
fifth rib for a length of 8 cm. (figure 1). This incision yields a better exposure 
than the horizontal one. After severing the muscles, 16 cm. of the fourth rib, 
15 cm. of the third rib, almost the whole second rib, and the whole first rib to the 
cartilage, are removed paravertebrally and subperiosteally. The medial stiunps 
of the resected ribs ai’e then exarticulated, in order to augment the collapse of the 
apex and to narrow the “dead space” near the spine (figures 2a and 2b). The 
first operations were performed without the exarticulation of the rib stumps and 
the resulting collapse was less complete (figures 3a and 3b). In the remainder of 
the operation, the fifth and sixth interocstal nerves are paralyzed, the lung is 
extrapleurally separated from the fifth rib downward and the scapula is placed 
into the thorax, as in Maurer’s original operation. 

As may be seen, there is a considerable difference between the writer’s four 
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rib apicoplasty and Maurer’s corresponding operation. Apart from the fact that 
the operation is in one stage, larger pieces of the ribs are excised and the media! 
stumps are cxarticulated so that the collapse of the apex and the lung is more 
complete and the “dead space’’ coming by the spianl column is narrower. These 
factors result in a greater effect of the operation. ^^Tien it is considered that in 
the majority of cases the apical cavities arc seated behind the spine, it is ver^- 
important that collapse of this part of the apex be as great as possible. Despite 
the extrapleural separation of the lung and the displacement of the scapula, so 
that its pressure effect is fully operating, the writer’s operation has not the same 
value as an eight rib thoracoplasty. Nevertheless, it may be ver^* useful in cases 
of apical lesions which develop at the extreme apex. 

The operation executed with the w'riter’s technique e.xliibits a considerable 
resemblance to Graf’s apicoplasty associated with pneumolj'sis. With the Graf 
technique, when the apex cannot be separated on account of firm adhesion.s, the 
four upper ribs are exci.scd and c.varticulatcd so that an extrapleural cavity is 
formed which extends downward as low as the extent of pathologic proce.«s. 
Tlie wound is then closed and the sub-sequent treatment is like an c,xtraplcura! 
pneumothorax. The chief difference consists in the fact that Gmf lc.ivcs the 
scapula outside the thorax, whereas the writer places it into the extrapleural 
pouch. Graf’s operation is c.xccllcntly tolerated, which wa,s one of the principal 
reasons w’hich induced the writer to perform ^^aurer’8 apicoplossty ns a one stage 
operation. 

Tlic patients should be selected verj' carcfull}'. Speci.al attention should be 
directed to the condition of the mediastinum. Patients with a fixed mediast inum 
will tolerate the operation better. No serious functional disturbances have been 
obsorv’cd following operation. Neither an exaggerated collapse nor panidoxiral 
respiration occurred. 

The real value of this operative procedure c.annol be finally determine<l tintil it 
luis been tried in a large .series of patients. 

SU.M.M.MtY 

Maurer’s four rib apicoplasty is well tolerated if performed as n one stage 
operation. Do.«pitc this, it is wise to select carefully the patients to lx'; operat<xl. 
Fi.xation of the mediastimun is n.s.socinted with a bettor tolerrition of the pro- 
cedurt’. Collap.«() of the apex can Ik; considerably cnh.onewl by exart ieulat ion of 
the ril).s. Functional tli.sturbancc.s have l>cen nire, though the x'ahio of this 
tochtuque catmol t>o judged before a long series of operations will have 
perfonninl. 
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STOIARIO 

Apicoplaslia Ciiadricostal con Colocacdon Iniratordcica del Omoplato 

3ja apicoplastia cuadricostal de Maurer es bieu tolerada si sc cjecuta como 
operacidn en un tiempo, pero a pesar de esto comdene seleccionar cuidadosamente 
los cases. La mediastinopexia hace que el procedimiento sea mejor tolcrado. 
El colapso del v4rtice puede acrecentarse considerablemente mediante la exarticu- 
lacidn de las costillas. Los trastomos funcionales ban sido raros, aunque no 
puede juzgarse el valor de esta t4cnica antes de ejecutar una numerosa scrie de 
mter\’^enciones. 
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PROGNOSTIC SIGNIFICANCE OF OCCASIONALLY POSITIVE SPUTUM 
AFTER ADEQUATE TREATMENT OF TUBERCULOSIS i 

Follow-up Study of Discharged Patients 
ROBERT CHANG 
INTRODUCTION 

The problems arising in the case of patients who occasional!}’' discharge tubercle 
bacilli in the sputum, after apparently adequate therapy for tuberculosis, have 
been discussed in considerable detail by Stokes (1), Willis (2), McNett (3), and 
Soderstrom (4) from the clinical, pathological, nursing, and public health aspects. 
Speaking of the same question, Pinner (5) stated that: “One of the fundamental 
aspects of the problem is the question whether patients with arrested pulmonary 
tuberculosis and who never had any positiv^e sputum or gastric cultures during 
their last six months of hospitalization have a better prognosis than patients who 
meet the same diagnostic requirements, but who had one or two positive cultures 
during their last half year of hospitalization. An answer to this question is not 
available at present. Only a significant prognostic difference would justify 
further treatment of the second group of patients.” The purpose of this article 
is to attempt to find out such a prognostic difference from the available data at 
the Rutland State Sanatorium. 

rU-^N OF INVBSTIG.ITION 

The data are based on the records of G21 patients suffering from the reinfection 
type of pulmonary tuberculosis, who were discharged as arrested or apparently 
arrested and who have been followed regularly for a period of two years or more 
after discharge between June 1935 and June 1945, inclusive. Patients who left 
the sanatorium in six months or less without c\’idonce of activity during the 
whole period of hospitalization were excluded, as were those discharged with 
many cultures po.sitive for tubercle bacilli during their last six months of hospi- 
talization. Another 243 patients di.schargcd between Januan' 1932 and June 
1935, inclusive, as apparently arrested, or arrested, are brouglit in for oompam- 
tive stud 5 % Before 1935, cultures were performed too irregularly to bo of much 
value, so the sputum sjxjciracns from this group of 243 patients were ncg:itivo only 
on direct examination of smears and concentrates during the last six months of 
their sanatorium residence. Glinicnily and rocntgenologically, the moml)crs of 
this group are comparable to tho.re discharged from 1935 to 1915. 

The exact meaning of “occasionally positive sputum” in this report is as fol- 
lows. In the last six months of s.inatorium re.^idcnce, concentrated sjx^cirncn.o 
from those patients whose sputum revealed no tubercle bacilli on stainwl smear 
were repeatedly cultured and occasionally inoculated into piinca pigs. A» hve-! 
six cultures of twenty-four to .seventy-two hour specimens of sjnitum were m.ade 
for each patient. Vlien one or two of the cultures wen- jxisitive for Itibercle b:i* 

’ From the Rutlan<l St.ato 8:>n.atorium, Mnssnehuretts Department of Hcnlth. 
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cilli, the patient vras considered to have “occasional!}' positive sputum.” In this 
study, patients are classified as arrested, or apparently arrested, regardless of one 
or two positive cultures, pro\-iding tliey meet %vith tlie requirements of the Na- 
tional Tuberculosis Association’s diagnostic standard. In the records of the 
Rutland State Sanatorimn, however, they are designated only as quiescent. 
Those in whom the source of the infectious sputum could be traced definitely to 
endobronchial lesions through direct bronchoscopic \nsion were not discliargcd 
unless the endobronchial lesions had apparently healed. 

Hie 621 patients discharged as apparently arrested, or arrested, between 1635 
and 1945 are divided into two groups. Group A consists of those ■nith unequi- 
vocally negative sputum for the six months immediately preceding discharge. 
Group B consists of tliosc mth occasionally positive sputiun. The 213 patients 
discharged between 1932 and 1935 with negative smears and concentrations make 
up Group C. Each group is subdirided according to the extent of the lesions on 

TABLE 1 


The percentage of reactivation of the three groups of patients follotred up for four years or more 



CEODP A* 

csoorBt 

ctovrCi 


fttr etnl 

fntnt 

ttftnl 

Minimal cases 

11 

21 

2! 

Moderately advanced cases 

20 

32 

3S 

Far adv'anccd cases 

27 

52 

57 


* Group A represents patients with sputum negative on culture and guinea pig 
inoculation. 

t Group B represents patients with occasional!}' positive sputum, 
t Group C represents patients with sputum recorded as negative solely on the basi.s of 
e.xamination of stained smears of indi%'idual or concentrated specimens. 

admission. The number of patients followed and the number of patients reac- 
tivating in tlic first, .‘^leond, third, and fourth, or more, years following dischtirgc 
arc tabulated. 


ItE.S01.TS 

.As may ]>o seen in t.ablc 1, the percentage of rctietivation of Group B, patients 
with occasionally positive sputa, is comp.arable with that of Group C, those 
negative on smear.s and concentrations; while Group A patients, negative on cul* 
ture.s and guinea pig inoculation, have only half as m.any rcactivntion.s. Hie 
incidence of reactivations of patients followed for four years or more i.s 11 per cent 
in Group A, 21 ircr cent in Group B, and 21 per cent in Group C, for tho.=e ad- 
mitted in the minimal stage. In the moderately advanced cases, the reactivation 
rate is 20 per cent for Group 32 per cent for Group B, and 38 per cent for 
Group C. In the far advanced ca.ses, the rates arc 27 per cent, 52 per cent, and 
57 per cent for Group.s A, B, and C, rc-spectively. Stephens (0) rcjwrted an 
average recurrence rate of 28 per cent for those cunxl in the minimal stage and 
43.3 per cent for those curerl in the advanced .‘•-tape (including both moderately 
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advanced and far advanced), when they were followed for five years after dis- 
charge. - In the present study, the recurrence rates are distinctly lower than those 
reported by Stephens, especially in the Group A patients. It must be pointed 
out, however, that Stephens’s report is based upon cases admitted between 1919 
and 1938. The higher recurrence rates in the earlier cases may well be explained 
on the basis of less intensive treatment and lower requirements for discharge. 

TABLE 2 


The frequency of reactivation of disease in tuberculosis patients in the first, second, third, 
fourth and subsequent years following. discharge from the sanatorium 


rzhSi 

GKOCP A* 

GEOUP Bf 

GEOUP Ct 

Number 

of 

patients 

Number 

reacti* 

vated 

Per cent j 

Number | 
of j 
patients { 

Number I 
reacti- 
vated 

Per cent 

Number 

of 

patients j 

Number 

reacti- 

vated 

Per cent 

Minimal cases 

First 

97 

1 

4 

4 

1 

20 

1 

5 

1 

49 

4 

8 

Second 

93 

4 1 

4 

19 

2 

10 

45 

4 

9 

Third 

63 

2 

3 

13 

1 

8 

40 

2 

6 

Fourth and more. . . j 

60 

0 

0 

12 

1 

0 

0 

36 

0 

0 


Moderately advanced cases 




11 

6 

104 

7 

B 

124 

13 

B 



17 

9 

97 

14 

B 

111 

17 

mm 



5 

4 

83 

8 

mm 

90 

6 

mm 

Fourth and more. . . 


2 

3 

40 

3 

mm 

81 

9 

H 

Far advanced cases 

First 

126 

5 

4 

81 

11 

14 

70 

11 

16 

Second 

121 

13 

- 11 

70 

18 

26 

59 

14 

24 

Third 

86 

8 

9 

42 

6 

14 

44 

6 

14 

Fourth and more. . . 

50 

4 

8 

28 

6 

21 

31 

8 

26 


* Group A represents patients with sputum negative on culture and guinea pig 
inoculation. 

t Group B represents patients with occasionally positive sputum. 

t Group C represents patients with sputum recorded as negative solely on the basis of 
direct examination of stained smears of individual or concentrated specimens. 

In table 2 may be seen the percentage of reactivation in the three groups of pa- 
tients in the first, second, third, fourth, and subsequent years after discharge. 
The figures indicate that, in each year, Groups B and C patients reactivated more 
frequently than Group A patients. The strikingly higher percentage of reactiva- 
tion in Group C patients in the fourth, and more, years after discharge, however, 
might be due to the longer period of follow-up. Stephens (6) reported recmrence 
rates of 2.4 per cent, 3.9 per cent, 3.8 per cent, and 3.3 per cent for her minimal 
cases followed in the fourth, fifth, sixth, and seventh years, respectively. In the 
present series, none of the 108 minimal cases, who had been negative for three con- 
secutive years after discharge, have subsequently reactivated. 
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It is worth noting that the percentage of reactivation is Iiighcst in the second 
year for all three poups admitted in all stages. It must be pointed out that most 
of the patients of the present study resumed full working actinty in ax to twelve 
months after discharge. Wliether this resumption of full working actinty and 
the highest recurrence rate in the second year are merely incidental or related 
cannot be established at this time. 

It might appear illogical that Group C patients should ha%'e as liigh a percent- 
age of reactivation as Group B patients. If more intensive sputv\m studies had 
been made in this poup of patients, who were discharged between Januarj’ 1932 
and June 1935, inclusive, with negative smears and concentrations, it would bo 
anticipated that unequivocally negative sputum would be found in some cases 
and occasionally or frequently positive sputum in other cases during the Inst six 
months of sanatorium residence. Thus, from the viewpoint of sputum findings, 
the proposis of some of the patients in this group should be as good as those in 
Group A; in some, the proposis should be comparable to those in Group B; and 
in others, it sliould be Avorse than Group B. This might explain why Group C 
patients had as high a reactivation rate as Group B patients, instead of a lower 
percentage. Tlie data arc insufficient to establish whether the more oxten.^ive 
use of collapse therapy in the more recently treated group of patients could ac- 
count for tlie comparatively higli percentage of reactivation of Group C. As 
stated above, the strikingly high percentage of reactivation of Group C patient.s 
in the fourth and subsequent years might be a reflection of the longer fioriod of 
follow-up. 

A compjirison of Group A and Group C indicates that otherwise companiblc 
patients, discharged with negative sputum on culture and guinea pig inoculation, 
fare much bolter than those wiiose sputum is recorded as negative solely on the 
basis of direct examination of smears of concentrates. Orel way, Medlar, and Sas- 
ano (7) dcraon.strato<l that cultures and guinea pig inoculation of sputum and 
giistric washings, consistently negative on direct e.xamination, gelded 35.4 per 
cent positive results. Tliis means that 35.4 per cent of the patients discharged as 
apparently arre.steel, or arre-sted, according to tlie National Tuberculosis A.'=.'=oeia- 
tionV diagnostic standard, arc dcmonstmbly infectious by culture or animal inw- 
ulation. In the present study it was found that s\ich patients experience a re- 
activation of their disease twice as frequently us those whose sputum is neg:itive 
on culture and guinea pig inoculation. 

COAJ.AIK.VT 

The future of each tubcrculou.s p.atient defx'iids on .*=o many factors th.at prog- 
nostication is bound to be proved wrong in a certain })crccntage of cares. In this 
paper, many of the important factors known to have great importance regarding 
the future of discharged patients arc neglecUHl because it is, not po^siWe to con- 
sider all the.<e factore in this kind of statistical study. It uppe.ars, however, that 
patients di-scharged rvith occasion.ally positive .‘•putum do reactivate men' fre- 
quently th.an those with une<iuivocally negative .sputum, and tliat intensive s p't- 
turn study in the six months immerlbtcly preccfling disrh.arge dor- !,.4p in the 
nronawti’calion of the future of disch-arged tulx-rculous patients. 
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SUMMARY 

A follow-up study of 864 apparently arrested, and arrested, cases of -.tubercu- 
losis is reported. 

Recurrence rates of those uith sputum negative for tubercle bacilli on cultures 
and guinea pig inoculation, those vith occasionally positive sputum, and those 
with sputum negative on direct examination only, are compared. The latter two 
groups had a comparable recurrent rate which was t^vice that of the first group. 

The liighest recurrence rate was in the second year after discharge. 

Patients discharged with occasionally positive sputum experience a reactiva- 
tion of their tuberculosis more frequently than those with unequivocally negative 
sputum. 

SUMAHIO 

Significado Pronosiico del Esputo Ocasionalmente Positivo despues del Tratamiento 

Adecuado de la Tuberculosis 

Este estudio versa sobre la observacidn subsiguiente de 864 casos aparente- 
mente estacionados y estacionados de tuberculosis. 

Comparanse los Indices de recurrencia entre los enfermos con esputo negative 
para bacilos tuberculoses en cultivos y en el cobayo, los enfermos con esputo 
ocasionalmente positivo y los que mostraron esputo negative s61o al examen 
directo. Los dos liltimos grupos mostraron un Indice comparable de recurren- 
cias, que fu4 el doble del primer grupo. 

El Indice mdximo de recurrencias correspondid al segundo ano despuds del 
alia. 

Los enfermos dados de alta con esputo ocasionalmente positivo manifiestan 
reactivacidn de su tuberculosis mds frecuentemente que los que tienen un esputo 
clarameent negative. 


REFERENCES 

(1) Stokes, A. M.: Management of patients with occasionally positive sputum after 

apparently adequate therapy; Clinical aspects, Am. Rev. Tuberc., 1942, 46, 475. 

(2) Willis, H. S.: Management of patients with occasionally positive sputum after ap- 

parently adequate therapy ; Pathological aspects. Am. Rev. Tuberc., 1942, 46, 479. 

(3) McNett, E. H.: Management of patients with occasionally positive sputum after 

apparently adequate therapy; Nursing aspects. Am. Rev. Tuberc., 1942, 48, 481. 

(4) SoDEHSTROM, K. M. : Management of patients with occasionally positive sputum after 

apparently adequate therapy: Public health aspects. Am. Rev. Tuberc., 1942, 
46, 483. 

(5) Pinner, M.: The patient with occasionally positive sputum following apparently 

adequate treatment, Am. Rev. Tuberc., 1942, 46, 582. 

(6) Stephens, M. G.: Follow-up of 1,041 tuberculous patients. Am. Rev. Tuberc., 1941, 

44 , 451. 

(7) Ordwat, W. H., Medlar, E. M., and Sasano, K. T. ; Routine application of concentra- 

tion, culture and guinea pig inoculation for the demonstration of tubercle bacilli 
in tuberculous cases under treatment, Yale J. Biol. &Med., 1943, IS, 353. 



THE SIGNIFICANCE OF POSITIVE CULTURES IN APPARENTLY 
ADEQUATELY TREATED PATIENTS WITH PULMONARY 
TUBERCULOSIS^ 

llAXS AllELES’ 

INTRODUCTION' 

The significance of tlje finding of a few tubercle bacilli in tlie sputum of the 
apparently adequately treated patient has been the subject of discussion in recent 
years. Pottenger and Pottenger (1) state “there is probably greater danger to 
the patient, himself, in the rare bacillus stage than to those who associate with 
liim.” Tlic same authors “had a minimum of patients who have had a recur- 
rence of clinical tuberculosis after being discharged as clinically well in spite of the 
presence of rare bacilli.” Medlar and Reid (2), in their stud3' of working ex- 
sanatorium patients found a “pauci-bacillarj’” sputum in a significant number of 
ex-patients. Pinner (3) and Rubin (4) stress the need for furtlior investigation 
to shed some light on the question of a possible prognostic difference between the 
adequately' treated patient from whom tubercle bacilli may be cultured occa- 
sionaliy, and the patient witli completely negative b.actcriologic findings. 

In sanatorium work, the physicinn is frequently faced mtb the problem of the 
further management of the apparently adequately' treated patient with arrested 
disease who occasionally discharges tubercle bacilli in the sputum. The question 
arises whether such a patient should be discharged, continue with sanatorium 
care, or undergo other forms of tre.atment. 

It is virtually impossible to obtain patients comparable as to age, sex, race, 
family’ and social background, extent of disease, and form of treatment, who 
differ only as to the result of culture studies. Consequently', in an attempt to 
investigate this problem of the continued discharge of small numbers of tubercle 
bacilli, it was decided to study’ a large scries of c.ases. It was thought that a 
large number would sufficiently' compensate for individual differences to permit 
pertinent conclusions. 


OBSERVATION'S 

Clinical material: The material consisted of 199 white patients discharged as 
apparently’ arrested, or arrested, from the Country Sanatoriiun of the Montefiore 
Hospital, Bedford Hills, New Y'ork, in the three year period from January 1939 to 
December 1941. All patients discharged as apparently arrested fulfilled the 
criteria of an arrested lesion with the exception of not having had the required 
amount of phy’sical activity. All patients had a minimum of two cultures, in- 
cluding at least one gastric culture, within sLx months prior to discharge. During 

1 From the Country Sanatorium in Bedford Hills, Now York, of the Montefiore Hospital 
for Chronic Diseases, New York City. 

» Bureau of Tuberculosis, New York City Dop.artracnt of Health, 125 Worth Street, New 
York 13, New York. 
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tliis period concentrated specimens of sputum were examined at least once a 
month but usually more frequently. The above postulates were fulfilled by 211 
patients, but only 199 patients were included in the study as no satisfactory 
follow-up reports were obtained in 12 patients. 

Results of cultures: One hundred and four patients were discharged with all 
cultures negative for tubercle bacilli during the specified period. The average 
number of cultures per patient in the six month period prior to discharge was 3.3. 
The remaining 95 patients had one or more cultures positive for tubercle bacilli 
in the six month period prior to discharge. Frequently only a single positive 
culture was obtained, followed by several negative cultures. Forty-six 
patients of this group, that is approximately one-half of all positive cases, were 
positive only on culture of the gastric washings. 

Extent of disease: The extent of the disease at the time of discharge, and its 
relationship to the results of cultures during the six month period prior to dis- 
charge, are presented in table 1. The patients with moderately and far ad- 
vanced tuberculosis were almost evenly distributed between the positive and 

TABLE 1 


Extent of disease and result of cultures during the six month period prior to discharge 


EXTEKT OP DISEASE 

KtJMBER 07 PATIENTS DKCUAXCED Wnil 


Negative cultures 

Minimftl * 

6 

18 

Moderately advanced 

36 

34 

Ear advanced 

53 

52 


1 

Total I 

95 

104 



negative culture groups. Among the patients vuth minimal disease, three times 
as many were discharged with cultures negative for tubercle bacilli as with 
cultures which were positive. 

Period of observation: The average period of observation following discharge 
for the patients discharged with negative cultures, who were not readmitted, was 
43.6 months; for the ones discharged with positive cultures, who were not re- 
admitted, the average period of obseiv’ation was 45.3 months. The shortest 
period of observation was 29 months in either group; the longest was 62 months 
in the former group, and 64 montlis in the latter group. 

Folloto-up observation: Thirty-six of the 199 patients were readmitted to a 
sanatorium or treated at home for reactivation of their disease. For practical 
purposes thej' vill be referred to as readmitted patients. Tv'enty-fivc of the 
readmitted patients had positive cultures and 11 had negative cultures during 
the six month period prior to discharge. The cumulative rate of readmitted 
patients discharged ivith positive cultures was 28.5 per cent, and of readmitted 
patients discharged with negative cultures, 10.5 per cent at the end of four years 
of observation (table 2). The difference in these cumulative percentages of 
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TABLE 2 

Cuttiulalii'c pcrccntapcs of rcnrlmittfd patients during four years after discharge according 
<t) culture results during the six month period prior to discharge* 



COKCLATIVC rE»CT.VTACf:S Or SEADKITOO 

woNTiis Am:* DiscnA»nr. 

TATJCN’TS DISOUICEO WITO 


rosittve cultures 

Kecstive cultures 

First si.x months 

2,1 

1.0 

Second six months 

12.1 

2.0 

Third si.x months 

15.3 

4.9 

Fourth six months 

20.7 

7.8 

Fifth six months 

22.9 

7.8 

Sixtli six months 

25.4 

9.0 

Sc\'cnth six months 

2S.S 

10.5 

Eighth six months 

2S.5 

10.5 


* Rondmitted patients cease to be part of flic patients nl risk. 


TABLE 3a 


Xumber of readmitted patients discharged xeith positirc cultures by stage of disease on 

discharge and treatment 


TtEATUrKT 

i 

Minlsuil 

ETACE 

Moderately 

tdvftsced 

Far ad\-anced i 

i 

TOTAX 

Du- 

ch»nred 

Read- 
mitted j 

1 Dis- 
charjed 

Read- 

mitted 

Dis- 

charged 

Read- 

mitted 

! DU- 1 
charged 

Read- 

mitted 

Bed-rest 

5 

1 

19 

6 

9 

4 

33 

11 

Pneumothorax 

1 

0 

i 15 

4 

30 

8 

46 


Thoracoplasty 

0 

0 

2 

0 

14 

2 

16 

Hi 

Total 

G 

1 

3C 

10 

53 

14 

95 

25 


TABLE 3b 

Number of readmitted patients discharged with negative cultures by stage of disease on discharge 

and treatment 


TSEATiEENT 

Miobnat j 

STAGE 

Moderately 

advanced 

Far advanced 

TOTAX. 

1 Pis- 
ckftrscd 

Read- 

mitted 

IH 

Read- 

mitted 

Dis- 
charged j 

Read- 

mitted 

Dis- 

charged 


Bed-rest 

17 ; 

5 

7 

0 

5 

0 

29 


Pneumothorax 

1 

0 

22 

3 

39 

3 

62 


Thoracoplasty 

0 

1 

0 

5 

0 

8 

0 

! 13 


Total 

IS 

5 

34 

1 3 

52 

3 

104 

11 


readmission is statistically significant. It is not accounted for by tbe stage of the 
disease, nor by the type of treatment. Although there is a trend toward a higher 
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rate of readmissions in the patients treated by bed-rest, as compared to the ones 
treated by collapse therapy (pneumothorax and thoracoplasty), the difference is 
not statistically significant (tables 3a, 3b). 

The largest number of readmissions occurred within the two year period 
following discharge. The average period between discharge and readmission 
was 22.9 months for the patients discharged with negative cultures, and 17.6 
months for the ones discharged with positive cultures. In the first group, the 
shortest period between discharge and readmission was 3 months, the longest 50 
months; in the second group, it was 6 months and 41 months, respectively. 

TABLE 4 


Number of readmitted patients by discharge according to positive sputum or gastric 

culture, respectively 



POSITIVE C0I.TUEE ON DISCHABGE 

[ . . 'l 



Sputum 

culture 

Gastric 1 
culture 

Sputum and 
gastric 
culture 

TOTAL 

Number of patients discharged 

37 

46 

12 

05 

Number of patients readmitted 

7 

14 

4 

25 


TABLE 5 


Bacteriologic findings of the SS readmitted patients during the six month period prior to dis- 
charge and during second hospitalization 


CULTUEE EESULT DTTEINO 6 MONTH FESIOD 

PEIOR TO DISCHARGE 

NI7MBER OF 
PATIENTS 

BACTERIOLOGIC^ 
FINDINGS DURING 
SECOND HOSPITALIZATION 

NUMBER OF 
PATIENTS 


11* 1 

positive 

9** 


negative 

2 

Positive 

25 1 

positive 

negative 

24*** 

1 


* This includes results obtained by direct examination or culture. 

* Four patients were negative during the entire period of hospitalization. 

** Two patients were positive only on culture. 

*** Four patients were positive only on culture. 

Three patients died. The time interval between discharge and readmission for 
the fatal cases was 15 months and 20 months for two patients discharged with 
positive cultures, and 3 months for the one discharged with negative cultures. 

Of the 46 patients who were positive for tubercle bacilli only on gastric culture 
during the six month period prior to discharge, 14 were readmitted (table 4). 
The bacteriologic findings during the entire period of second hospitalization are 
given in table 5. 

Cause of readmission: The immediate reason for readmission was progression in 
serial roentgenograms in all 11 patients discharged with negative cultures. Two 
of these patients had, in addition, a positive sputum on direct smear when re- 
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admitted. Of the patients discharged with cultures positive for tubercle bacOli, 
21 had roentgenologic changes and 4 had positive sputum on ex'amination of 
diiect smear or of smears of concentrated specimens, at the time readmission 
was advnscd. 


COMMENT 

WHiile patients 'wliosc sputum is positive only on culture discharge fewer 
tubercle bacilli than those vdiosc sputum contains organisms demonstrable on 
direct smear, the dividing line is arbitrarj% The results of this study indicate 
that the apparentlj- adequately treated patient, whose sputum is negative on 
culture during the six month period prior to discharge, has a greater probability 
to stay Avell than the one ivho has occasional positive cultures during the same 
period. Tlic validity of the classification, pulmonarj' tuberculosis, arrested, in 
the presence of cultures positive for tubercle bacilli, is therefore open to question. 

Although each case has to be evaluated individually, it seems advisable to 
make ever}' effort to achieve complete bacteriologic conversion in patients ivith 
recent active disease. Wliile in some cases prolongation of the treatment maybe 
successful, in others, a change in the tj’pe of treatment may be advisable. In 
any event, there will still remain a group of patients for whom no further treat- 
ment is possible for one reason or another. For this group the physician will 
have to be content with a satisfactoiy clinical result without sputum conversion. 
Tlicsc patients should ha'vc verj' close medical supen'ision fora larger number of 
reactivations may be anticipated in this group than in patients who become 
noninfectious. 

It should be emphasized that this study is concerned only with patients with 
recent active disease ivho were apparently adequately treated. The problem of 
the ex-patient who has been well for years but who has a “pauci-bacillaiy” 
sputum on certain occasions is possibly a different matter. On the basis of 
clinical impressions, it would seem that the prognosis of the latter tj'pe of 
patient is good. 

A possibly significant finding of this stud}' was that 14 of 46 patients discharged 
after apparently adequate treatment and who were positive for tubercle bacilli 
only on gastric culture were readmitted for reactivation of their disease. Some 
of these patients raised no sputum, others might have }'ielded positive sputum 
cultures if their sputum had been studied more intensively. Further studies as 
to the prognostic significance of positive gastric cultures as compared to sputum 
studies in the apparently adequately treated patient are indicated. 

SUMMABT 

1. A study was undertaken to evaluate the significance of cultures positive 
for tubercle bacilli in apparently adequately treated patientp discharged from 
a sanatorium. 

2. One hxmdred and ninety-nine patients, discharged as apparently arrested, or 
arrested, were obser\'ed for an average period of forty-four months. One 
hundred and four patients had only negative cultures and 95 patients had 
occasional positive cultures during the sLx month period prior to discharge. 
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3. The cumulative rate of readmissions at the end of four years following 
discharge was 28.5 per cent for the patients discharged with positive cultures, 
and 10.5 per cent for those discharged with negative cultures. 

SUMARIO 

La Significacidn de los CuUivos Positivos en Tubercuhsos Pvlmonares Aparenie- 

mcnte Traiados Adccmdnmenie 

1. Este estudio fu6 emprendido para justipreciar la importancia que revisten 
los cultivos positivos para bacilos tuberculosos en enfermos aparentemente 
tratados adecuadamente y dados de alta de un sanatorio. 

2. A 199 enfermos, dados de alta como aparentemente estacionados o esta- 
cionados, se les observd, por t4rmino medio, durante 44 meses. Ciento cuatro 
enfermos s(5Io mostraron cultivos negativos en tanto que 95 mostraron de 
cuando en cuando cultivos positivos durante los seis meses anteriores al alta. 

3. El coeficiente acumulativo de reingresos al cabo de los cuatro anos consecuti- 
vos al alta fu6 de 28.5 por ciento para los dados de alta con cultivos positivos, y 
do 10.5 por ciento para los dados de alta con cultivos negativos. 

Acknowledgments 

I am deeply indebted to the late Dr. Max Pinner for many suggestions and for his kind 
advice. I am grateful to Mr. Samuel Lubin, Junior Statistician, Bureau of Itccords and 
Statistics, Department of Health, New York City, for his help in the statistical analysis 
of the material. I wish to express my appreciation for the assistance rendered by Jfiss 
Celia Hcntcl, Assistant E.xecutivc Director of the Committee for the Care of the Jewish 
Tuberculous, in obtaining the follow-up information on the patients. 

REFERENCES 

(1) PoTTENGER, F. kl., AND PoTTENOER, J. E.: What is thc clinical and epidemiological 

significance of rare bacilli in sputum, Am. Rev. Tuberc., 191.3, JS, 279. 

(2) Medlar, E. M., and Reid, A. C.: The demonstration of tubercle bacilli in an employee 

group with clinically inactive pulmonary tuberculosis. Am. Rev. Tubcrc., 19H, 
60, 490. 

(3) i';PiNNER, M.: Pulmonary Tuberculosis in the Adult, Charles C. Thoma.s, 1915, p. 360. 

(4) . Rubin, E. II.: Diseases of the Chest, Saunders, 1947, p. 254. 



PUBLIC HEALTH SIGNIFICANCE OF RARE TUBERCLE BACILLI 

IN SPUTUM* 

F. M. POTTENGER* 

THE RARE BACIEI-TJS STAGE 

For tbo past thirty years at the Pottenger Sanatorium the dilution-flotation- 
picric-acid technique (1) has been employed for the examination of sputum. 

By e.xamining three da}' specimens every si.v weeks, it has not been possible to 
demonstrate an absence of bacilli for three consecutive examinations in more than 
four or five per cent of the patients at the time of discharge from the sanatorium. 
In contrast, many institutions report sputum conversion in fifty per cent or more. 
Although most of our patients have far advanced tuberculosis, we also have had 
many who had earlier lesions. Man}' of these on entering had been classed as 
having negative sputum, some after many e.\aminations. After admission to 
the sanatorium, however, c.vamination of the sputum revealed the presence of 
tubercle bacilli in nearl}' all of this group. 

"iMien these patients with “rare bacilli” are discharged they are physicall}' well 
and able to walk from one to four or five miles a da}\ The}' rarely cough. It is 
often only with the greatest persistence that specimens of sputum are obtained. 

In order to determine the epidemiological significance of “rare bacilli”, a 
comparison might be made between the "rare bacillus” stage and the situation 
when these patients are expectorating bacilli freely. The Phipps Institute (2) 
reports on 158 twenty-four-hour specimens from 37 patients. The average 
twenty-four-hour output of bacilli for white patients was 129,593,000; for Negro 
patients 894,000,000. The highest count was 20,499,918,000. J. E. Pottenger 
(3) studied a patient’s output of bacilli for several daj’s. The counts were 128, 
130, 133, 83, 98, and 131 million. Another patient’s count was 30 billion. 

In table 1 may be seen the results of bacillar}' counts of the sputum made at 
six week intervals in patients now in the sanatorium . The first s'lx have attained 
the “rare bacillus” stage; the last two are wholly in the acute stage. The figure 
indicate the number of bacilli e.xpectorated in twenty-four hours. The first 
six cases were steadily improving, but it will be noted that the decline in numbers 
of bacilli was not steady. Patients E. T. G., S. D., and J. S. all had cavities 
which were healing spontaneously. Patients S. A., P. 0., and A. H. were 
minimal cases in whom tubercle bacilli had not previously been found. 

J. E. Pottenger (4) made careful comparison of the dilution-flotation-picric-acid 
and the Ziehl-Neelsen techniques for the axamination for tubercle bacilli and 
found the former 277 times more sensitive in purulent sputum, and 172 times 
more sensitive in “muco-epithelial” sputum. This sensitive technique may 
reveal tubercle bacilli when the patient expectorates only a few hundred or a 
thousand bacilli a day. 

» Presented before the Epidemiology Section of the American Public Health Association, 
Atlantic City, October 6, 1947. 

* Monrovia, California. 
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How dangerous is sputum which contains a few hundred or a few thousand 
bacilli in a twenty-four-hour quantity? Franldy, no one knows because con- 
ditions differ so greatlj’', but surely it can not be very dangerous. If the patient 
knows he has, or has had, tuberculosis, as a rule the sputum is destroyed. In 
fact, when the sputum decreases to a very small amount it is often swallowed 
unkno^ra to the patient. If a few hundred or a few thousand bacilli should be 
expectorated into a room, however, they would be diluted by the air which, if the 
room is well ventilated, is constantlj’’ changing, so the danger would be minimal. 
Under ordinary conditions of light and ventilation in the average house, most 
bacilli would be killed in a few hours. It must be admitted, however, that there 
might be danger in overcrowded, poorl}’^ ventilated houses, particularly those 
occupied bj’- the undernourished. 


TABLE 1 


Daily output of tubercle bacilli in sputum of patients with pulmonary tuberculosis 



TATIEKTS 


1 

E. T. G. 

3,900,000,000—1,600,000—3,000,000—50,000,000—21,000— 

500 ,000—9 ,300—9 ,340,000—1 ,200,000—3,266—0—0—875— 
S92— 0 — 0 — 0. 

2 

j S. A. 

: S2o — ^ — 0 — 0 — 5S6 — 0 — 0 — 0 — 14,700-“— 0. 

3 

S. D. 

' 1,700,000—10,600,000—4,200,000-9,250—16,800—12,000,000 
-40,385-64,100-38,500-3,260-112,700. 

4 

P. 0. 

11 days, 0—1,458—13,416-0—13,880-0. 

5 

J. S. 

2,800,000—5,100,000—2,000,000—40,000,000—2,340—5,540— 

1,106-0-0. 

6 

A. H. 

0-3,260—0—0-0—0—4,375—0-0—0—0. 

7 

L. G. 

80,000,000—5,000,000—47,000—171,000,000—137,000,000— 

95,000,000. 

8 

G.H. 

190 ,000 ,000—267,000 ,000—64 ,000 ,000—385 ,000 ,000— 

240 ,000 ,000— 7 ,800 ,000 ,000. 


According to the studies at the Pottenger Sanatorium, it is doubtful whether 
patients with chronic destructive lesions ever become wholly and continuously 
free from the discharge of tubercle bacilli under all of the vicissitudes of life; yet 
they may be able to carry on their work unhampered. Many ex-patients have 
been followed from five to forty years and it has been found that now and then, 
particularly following acute respiratory infections, they will cast off a few tubercle 
bacilli as a result of the stimulation of their old foci. These patients usually 
become noninfectious soon after recovery from the acute respiratory infection 
without reactivation of their tuberculous disease and without causing disease in 
others (5). It is not the controlled patient, but the one who is not cognizant of 
his disease or the careless one, who is most dangerous to himself and to others. 

Our experience is similar to that of Papworth Village (6) in England, which 
indicates that it takes more than the expectorating of bacilli to cause infection. 
The report of twenty-five years’ experience shows that, of 108 children born in 
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Pnpwortli Village, not one has developed active tuberculosis, nor has radiologic 
examination revealed an incidence of pulmonarj’’ abnormalities an}’' higher than 
that found in the general population. Nevertheless, 90 of Papworth’s 120 
patients suffered from “open" tuberculosis. Of 260 children bom before ad- 
mission to the Village (in the usual city workman’s emdronment), 5.1 per cent 
had some tji)e of active tuberculosis. These had lived outside the Village in the 
environment of “open” tuberculosis. Of these children, 8 were over 10 yearn 
of age on entering the Village. It is significant that no new cases of active dis- 
ease developed among them after entering the Village. 

This shows the protective value of the control of patients living in a controlled 
environment, for it must be remembered that all of these children had hereditar}' 
susceptibility and man}’’ were li\nng in an environment of “open” tuberculosis. 
Are we to conclude that infection and reinfection can be partly, possibly largely, 
prevented by living hygienically even in an infected en^^roament? If so, where 
is the danger line? This is of greater importance than the simple fact of the 
presence of tubercle bacilli, hlay this not be interpreted that “rare bacilli” in 
controlled patients living in a controlled en\dronment are of little danger? 

HOW MANY BACILU 'nmii INFECT? 

The number of bacilli that will cause infection varies according to their 
virulence and the susceptibility and environment of the host. It is hkely that 
many attempts at invasion are made before infection occurs, especially in hosts of 
low susceptibility. The important fact is that under conditions which e.xist 
many infections do occur. But more important is the fact that there are fewer 
instances of disease than of infection. This might indicate that the patient 
protects himself through primary infection. 

The host is protected by monocytes and polymorphonuclear leucoc}’tes which 
engulf and destroy bacilli and conceivably may possess some degree of humoral 
immunity. The cellular protection is greatly increased in the immune host, 
making reinfection more difficult, as shovm by Lurie (7). Lurie reports that 
tuberculosis in rabbits removed from an infected environment as soon as sensitiza- 
tion has been acquired pursues the same course as in litter mates which continue 
in the infected emdromnent. 

VTiether the bacilli enter the body as dust or droplets is of minor importance. 
The fact is that bacilli can produce primaiy infection whenever a sufficient num- 
ber are able to enter the body, pro\dded they find conditions favorable to growth. 
Bovine bacilli cause infection by entering otherwise than through the air chan- 
nels, which is significant. If bovine, why not human? Who knows the portal 
of entry in chance infection? 

EFFECT OP ENVIRONMENT ON BACILLX AND HOST 

The infectiousness of bacilli depends largely on the environment in which they 
are discharged. They do not multiply outside the body, and many are non- 
virulent and many are nonviable when discharged. Even wnrulent bacilli are 
quickly destroyed by direct sunshine and within a few hours by indirect sun- 
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light. They live much longer in dark places when protected from drying. 
Their infectivity is favored by the dead air of nonventilated rooms and is very 
much reduced by moving currents of air. 

In spite of the danger of infection in massively contaminated environments, 
those living therein do not aU die of tuberculosis. Most of them are infected but 
do not develop cHnical disease. This is a most significant fact in our program of 
prevention. It should be stressed, for it is the basis of protective vaccination. 
Throughout the ages not only were precautions rarely taken, but conditions of 
the premises were most favorable for the bacillus. Nevertheless, only about one 
new case developed regularly to each death and, wherever the social and economic 
status of the people improved, the number of deaths decreased. Immunity and 
low susceptibility were a little more effective than the bacilli of reinfection. 

Children are most susceptible and are prone to receive a primary tuberculous 
infection whenever exposure is prolonged. This carries with it an immunity, 
however, which provides increased protection. But the danger of metastases 
from primary infection lies in the fact that tubercle bacilli may remain viable 
and virulent for years in many of these foci and in metastases which form from 
them. At any time that the architecture of the encapsulating wall is disturbed 
either mechanically or chemically, endogenous reinfection may be produced. 
This shows the necessity of knowing every infected child and making it the ward, 
so to speak, of the Health Department. Such children should be re-examined 
periodically, according to a plan based upon our. knowledge of the significance of 
primary infection. 

The grestest danger is always found among the poor, where from five to seven 
times as many deaths from tuberculosis occur as among families who live on a 
higher economic and social plane. This means that the poor patient with 
tuberculosis is a maximum danger to himself and his associates. Moreover his 
chances of healing are less, for both his environment and possibly his tissues are 
more favorable to the life of the bacillus. Public health measures, short of an 
effective vaccination, will not stamp out tuberculosis among the poor until it 
solves the problems of nutrition and housing; for poor nutrition and unhygienic 
homes increase susceptibility. Why let infected children go on to reinfection 
tuberculosis when a few simple rules of hygiene and a quart of milk a day would 
probably save many of them and save the taxpayers the expense of caring for 
well-developed ca'ses of tuberculosis subsequently? 

SUSCEPTIBILITT 

It must not be forgotten that susceptibility is as important as the tubercle 
bacillus. Regardless of all public health factors with which people are protected, 
infection stiU occurs. Furthermore, it occurs whether or not it can be shown 
that the host associated intimately with “open” tuberculosis. Two-thirds of 
the clinical cases at the Pottenger Sanatorium give no history of associating with 
tuberculous patients. The only reasonable interpretation for this fact is that 
infection depends much upon the patient’s susceptibility. Chance infection is 
undoubtedly caused by a few tubercle bacilli entering the tissues of a highly 
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susceptible individual. To be sure, infection of one living with a patient who 
expectorates hundreds of millions of bacilli a day may occur no matter what the 
susceptibility of the individual. Probably no one is so resistant that he is able 
under all circumstances to ward off infection. But, on the other hand, the pos- 
sibility must not, be overlooked that primary infection caused by many bacilli 
may establish a higher degree of immunity than the few bacilli of chance infec- 
tion. Tliis is indicated by the Lubeck disaster mentioned below. May 'primary 
infection not have been the protective factor which has preserved the human race 
throughout the ages? Does not this suggest vaccination as a way of protecting 
those nonreactors who live with patients who expectorate rare bacilli, as well as 
those w'ho c.xpectorate man}’’? 

How can all these facts be interpreted and what is their public health signifi- 
cance? Puffer’s studies (8) have shomi that hereditary susceptibility, wh^Jh 
probably is similar or the same as general susceptibility, makes the host especially 
pronh to infection. In the families which she studied, the same percentage of 
children of tuberculous parents who had, and who had not, associated with 
“open” tuberculosis developed clinical disease bj’^ the time they attained the age 
of fifty. The difference between the two groups was that those who were exposed 
by intimate association became ill in their earlier years, while those casually 
e-xposed developed the disease later. This might suggest that, regardless of the 
fact that those infected by many bacilli may develop a higher grade of immunity 
than those infected by a few, yet massive infection doubtless causes larger foci. 
These larger lesions contain larger numbers of bacilli and become less completely 
encapsulated and, hence, are more susceptible to injury by the vicissitudes of 
environment, growth, habits and other infections. Consequently, the patient 
with such a lesion is more apt to break down vdth clinical tuberculosis, partic- 
ularly in the earlier years. 

During the period between 15 and 25 years of age, the number of cases of 
clinical tuberculosis takes a rapid rise. This is the period when acute exudative 
tuberculosis predominates, a tji5e caused by relatively large numbers of bacilli in 
patients whose cells are highly sensitized. The massive numbers of bacilli which 
cause this type of disease could well be endogenous in origin, but could hardly 
come from wdthout. In the experience of the writer, these acute exudative cases 
are rarely associated with “open” tuberculosis at the time of falling ill. So we 
must assume, or at least bear in mind, that the source may be the unhealed 
primary complex, or some metastasis therefrom, whose enveloping walls are 
subject to injury by both mechanical and chemical factors. 

In this connection, it must be remembered that the lung doubles in size from 
the beginning to the end of puberty. This may be a mechanical factor in 
reactivating old foci. Clearly a partly or wholly calcified focus cannot expand and 
increase in size as the pulmonary and bronchial tissues do. The result might be a 
weakening or a break in continuity of the encapsidaiing walls with the escape of 
bacilli. Moreover, in this period the tissues must also bear many insults, such 
as those from malnutrition, unwholesome habits of life, and so forth, just such 
as will further weaken an already weakened enveloping wall. This is a period of 
high incidence of clinical tuberculosis, much of it being of the acute exudative 
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t3T)e. The chronic proliferative t3T5e, on the other hand, advances slowly, 
probably because fewer bacilli cause the metastases and gradually hnmunize and 
desensitize the patient so that fibrosis predominates over inflammatory processes. 
This is the predominant form of the disease in later life. 

Thus susceptibility seems to be a factor in infection, reinfection, the type of 
disease, and the outcome of the disease. 

VACCINATION AGAINST TUBEECULOSIS 

In the future, susceptibility, the protective value of the primary complex, and 
vaccination, must be given more consideration in providing a program for pro- 
tecting the people from tuberculosis. Mass roentgenographic studies of the 
population must be continued, but as susceptibility, both that of a general and 
hereditary nature, is so important, the finding of those infected will still leave the 
problem unsolved. Susceptibility must be reduced and preventive vaccination 
must be generally used among those exposed. 

When reinfecting bacilli attempt invasion, the host is able to destroy many 
more in the case of first invasion. Moreover, if reinfection occurs, it has a 
tendency to localize and heal, as pointed out by Koch in 1890-1891. Manwaring 
(9) has shown that, within an hour after tubercle bacilli are injected into the 
peritoneal cavity of an immune guinea pig, nine-tenths of them have been 
destroyed. Quite the opposite from the experiment of J. E. Pottenger (10), in 
which he infected two-thirds of a group of nonimmune experimental pigs by 
injecting three tubercle bacilli more or less into the peritoneal cavity. 

It would seem that the danger to individuals who are protected by a previous 
infection, either primary or of the reinfection type, in associating with tubercu- 
lous patients is negligible, particularly if they are following out the accepted 
regimen used in treatment. The writer has never recognized an infection trans- 
mitted from a patient with active disease to one who was approaching arrestment, 
although free association of patients in the sanatorium has been observed for more 
than forty years. 

It is possible that the great numbers of bacilli in massively infected environ- 
ments, by destroying the most susceptible, have kept the tuberculosis mortality 
high throughout the ages, and by the same process produced a more resistant 
stock. On the other hand, wherever we have had an improved environment, 
susceptibility decreased and morbidity and mortality declined. 

It must have been decreased susceptibility that reduced the death rate from 
tuberculosis in England and Wales from 330 per 100,000 population in 1860 to 175 
in 1900, for few preventive measures were applied to make the patient’s en- 
vironment safe. In the forty years since 1900, preventive measures have been 
instituted but, because of war, the decline has been only a little greater than 
during the years 1860 to 1900, reaching a death rate of 70 per 100,000 in 1936. 
In Masssachusetts the death rate declined from 444 in 1860 to 254 in 1900, and 
then, with the institution of preventive measures, the decline, unaffected by war, 
has been much greater. A death rate of 36 was reached in 1939. 

We should develop a more rational attitude toward primary infection. We should 
show more appreciation of its protective nature. We should likewise appreciate 
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that it carries with it, tinkss it heals or remains quiescent, the danger of being the 
source of endogenous meiastascs, responsible for much, possibly most, clinical disease. 

Were it not for its being tlie source of acute illness, such as meningitis in Rmntl 
children, and endogenous reinfection later, v.’e might accept it as almost wholly 
protective. But since it is also a danger, we must, if possible, avoid it. 

The use of BCG will stimulate immunity, probably not as efficiently as virulent 
human bacilli, but sufficientl3’’ to protect most children from infection. More- 
over, it carries no danger of causing endogenous reinfection. Doubtless vaccina- 
tion should be repeated the same as in case of smallpox. Vaccination should not 
take the place of other measures but should supplement them. 

For those who have inordinate fear of infection or of protective vaccination, I 
would suggest the stud3'' of the Ltibcck disaster, where \drulent human bacilli 
were accidentally substituted for BCG. Two hundred and fift3'-two children, 
before they were ten days old, were each given a total of 1,200,000,000 living 
human bacilli orally in three doses of 400,000,000. According to general opinion, 
all sliould have died; but instead 175 were Ihdng and well four 3’^ears after. All 
were infected, but 70 per cent had developed sufficient resistance to prevent the 
spread of the disease. 


FUTURE PROGRAM 

Aside from all the things we are now doing to prevent infection, let us broaden 
our views. Irct us reduce susceptibilit3’' both through vaccination and improve- 
ment in emdronment. An effectual program would consist of: (1) mass roent- 
genographic studies until every indmdual has received the benefits which it 
offers; (S) clearing the slums in which most of our tuberculosis is found; (S) teach- 
ing people how to live and what to eat, and furnishing food, at least to children, 
when the breadwinner is ill, so that resistance is kept high; and (4) vaccinating 
children, thus stimulating their immimity without producing a focus of li^ung 
human bacilli within the tissues from which the disease may spread and produce 
endogenous reinfection. TFc can not take the patient with “rare bacilW' out of 
society, but we can make him safe by instruction, and those who associate with him 
safe by vaccination, hygienic living, and adequate diet. 

SUMMARY 

1. The ‘Tare bacillus” stage of tuberculosis, with the discharge of a few hun- 
dred or a few thousand bacilli per day, is compared with the acute stage in which 
millions and even billions of bacilli are discharged per day. 

2. There is a question whether patients with chronic destructive lesions would 
ever become continuously and permanently free from the discharge of bacilli, 
if techniques for examination were sufficiently sensitive, even though the patients 
might be clinically well and able to carry on their regular work. 

3. As about two-thirds of clinical patients give no history of association with 
“open” tuberculosis, the individual to be infected must be considered as well as 
the one who scatters infection. 

4. The importance of susceptibility is compared with that of environment in 
causing illness. Mortality from tuberculosis dropped about SO per cent between 
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1860 and 1900 before active measures for protecting against infection were 
instituted in both England and Wales, and in Massachusetts in this country. 

5. Vaccination should be used generally, but especially to protect those highly 
susceptible, those exposed to “rare bacilli” as well as to massive infection. BCG 
carries with it no danger of providing an endogenous source of reinfection. 

SUMARIO 

Significacion Sanitaria de la Rareza de Bacilos Tubercuhsos en el Esputo 

1. Compdrase la etapa de “bacilos raros” en la tuberculosis, en la que s61o se 
expulsan algunos centenares o miles de bacilos diarios, con la etapa aguda, en la 
que se expulsan millones, y hasta miles de millones, al dia. 

2. Cabe dudar si los enfermos eon lesiones detructoras crdnicas jamfis cesardn 
continua y permanentemente de expulsar bacilos, si se emplean t4cnicas sufi- 
cientemente de licadas para descubrirlos, aun cuando los sujetos estdn est6n 
clinicamente bien y puedan desempenar sus tareas habituales. 

3. Dado que dos terceras partes de los enfermos clinicos no comunican antece- 
dentes de asociacidn con tuberculosis “abierta,” hay que considerar al individuo 
infectable por igual que al infeccioso. 

4. Comp4rase la importancia patdgena de la susceptibilidad con la del am- 
biente. La mortalidad tuberculosa descendid aproximadamente 50 por ciento 
entre 1860 y 1900, antes de iniciarse medidas activas de proteccidn contra la 
infeccidn, tanto en Inglaterra como en Gales y en Massachusetts en Estados 
Unidos. 

5. Debe emplearse generalmente la vacunacidn, pero mds en particular para 
proteger a los muy susceptibles, a los expuestos a “bacilos raros” asi como a 
infeccidn masiva. BCG no entrana riesgo de aportar im foco enddgeno de 
reinfeccidn. 
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CLOSURE AND HEALING OF TUBERCULOUS CAVITIES' 

JOHN LOESCH 
INTRODUCTION 

In a previous communication (1), the diversified final patterns of the pathology 
of complete cavity closure were reported as they occurred in six instances in five 
cases. Briefly, the individual cavity became converted to a caseous inspissated 
focus enveloped by a fibrotic capsule, and the cavitary-bronchial communication 
with one or more draining bronchi was obliterated. In five cavities the process 
took place under pneumothorax treatment and in one on bed-rest. The lengtli 
of time from institution of the treatment to the final termination ranged in three 
cases from eight months to two years, with the individual cavity diameters 
ranging from 1.5 to 3 cm. In two, the period of observation was about five to 
six years, with the cavities measuring 4.5 x 4.5 cm. and 7x5 cm. in diameter, 
respectively. 


MATERIAL AND METHODS 

In the following study, five additional instances of cavity disappearance in 
four cases are reported. In the first two instances (Case 1, left upper lobe, j.nd 
Case 2), the cavities became closed imder therapeutic pneumothorax. In the 
remaining three, however, the cavities had actually healed bj’’ scar tissue. This 
complete anatomical healing occurred in the third instance (Case 1, right upper 
lobe) under pneumothorax, in the fourth (Case 3), on bed-rest, and in the fifth 
(Case 4), on bed-rest after the cavity had disappeared under brief pneumothorax 
which had been followed by effusion during optional re-axpansion. 

The methods of the morphological and histological study and the staining 
technique employed were in all cases essentially the same as used and described 
in the previous stud}’’ (1). From 200 to 400 serial sections were examined of 
each area containing the former cavity. 

CASE REPORTS 

Case 1; The patient (M. S.) was a white male of 42 years of age. The onset of the disease 
was in the early autumn of 1932 with night sweats and productive cough. Roentgeno- 
graphic examination on February 2, 1933, showed an e.xudative infiltration in the right 
upper lobe enclosing a cavdty measuring 3 x 3.5 cm., slightly above and about 1.0 cm. 
behind the second anterior rib (plate II, figure 1). Therapeutic pneumothorax was 
induced at the beginning of April 1933. The cavity shrank gradually (plate II, figure 2) 
and was no longer visible by June 1934. The involved area appeared as a sharply deline- 
ated opacity on a chest film taken on February’' 16, 1935 (plate II, figure 3) and thereafter. 
In February 1935, fluid appeared, which later changed into an empyema. The latter was 
drained by anterior thoracotomy in October 1937. In July 1935, a cavity began to form 
in an infiltrate in the third interspace on the left and measured 4 x 4 cm. on a film of 
February 2, 1937 (plate I, figure 1). Therapeutic pneumothorax was induced shortly 

1 From the Laboratory of The Homer Folks Tuberculosis Hospital, Oneonta, Now York. 
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thereafter. This cavity was much smaller by May 25, 1937, and subsequently dis- 
appeared. On a film taken on August 16, 1937, the area of previous cavity appeared as a 
round opacity about 1.5 cm. in diameter. The opacity persisted during the following 
years but became much more sharply delineated and “harder” (plate I, figure 2). In 
December 1943, a bronchopleural fistula was demonstrated on the right. Between 
February 16, and April 20, 1944, a three-stage thoracoplasty was performed. The 
patient expired suddenly May 17, 1944, from a cerebral hemorrhage into the fourth 
ventricle. 

Postmorlein findings: The left lung was very emphysematous, especially in the lower 
lobe. On cutting tins lung in 1.0 cm. thick layers in the coronal plane in the axis of the 
left stem bronchus, a caseous focus was found in the mid-portion about 0.5 cm. beneath 
the pleura and about 7.5 cm. from the summit of the upper lobe. The focus measured 
about 2.0 cm. in width and 1.5 cm. in height. It was caseous in the center and was 
enveloped by a fibrotic capsule (plate I, figure 3). On tracing the bronchi, it was found 
that the lateral subdivision of the anterior division terminated about 0.5 cm. from this 
focus and a branch of the anterior subdivision was occluded beyond its branching-oft' 
point. 

On microscopic examination of serial sections through this caseous focus, the lateral 
subdivision of the anterior division (plate I, figure 4), coursmg towards the posterior half 
of the focus, became abruptly narrowed and terminated blindly with numerous small 
pouches lined bj'' a las'^er of cuboidal epithelial cells. Beyond this point, the lumen was 
obliterated by connective tissue extending into two branches. The upper one, situated 
somewhat anteriorly, was transformed into a string of connective tissue in which cartilagi- 
nous plates were still demonstrable and merged at the peripheral portion with the connec- 
tive tissue capsule of the focus (plate I, figure 5). In the lower, somewhat posterior, 
branch however, only the proximal half was completely obliterated, while in the distal 
half a centrally situated string of caseated debris was seen, which fused finally with the 
caseated focus (plate I, figure 6) . Another bronchus, representing a branch of the anterior 
subdivision of the anterior bronchus and coursing towards the anterior half, was com- 
pletely obliterated by connective tissue containing remnants of mucous glands and 
bronchial cartilage in the center and at the periphery (plate I, figure 7). The focus itself 
showed firm caseation throughout and calcium deposits in various areas. It was well 
walled off by a connective tissue capsule and was occasionally diffusely infiltrated by 
lymphocjdes. 

The mechanism of closure in this cavity was one of rapid contraction of the 
cavity due to relaxation of the lung parenchyma during pneumothorax, ac- 
companied by collapse, approximation, and finally obliteration by connective 
tissue, of the draining bronchial branches. The process occurred in the entire 
length of two of the bronchi and at the proximal portion in the third. The distal 
portion of the latter was filled with caseous material, fusing with the caseous 
focus proper. As the bronchial occlusion occured rapidly, large amounts of 
caseous material of the cavity were retained, thus accounting for the large focus. 

The right upper lobe was markedly shrunken, measuring about 8.0 cm. in height, 3.0 
cm. in width and about 5.0 cm. in depth. It was enveloped by a moderately thick 
fibrotic pleura. On cutting this lobe in 1.0 cm. thick layers, a spherical, sharply demar- 
cated, fibrotic scar about 1.0 cm. in diameter was found in the third layer closely under- 
neath and fusing anteriorly with the pleura. The pleura overljdng the scar was about 0.5 













Pl.ATK II 


Figs. 1, 2, and 3. Case 1 (M. S.) RocnlRCnograms demonstniting tlic (lavity in tlic right 
upper lobe before institution of pneumothorax and its reduction in size and eventual dis- 
appearance on this type of treatment. 

Fig. 4. Photomicrographs illustrating the different tissue formations in a segment of the 
stellate focus (figure 3) from the center portions towards the periphery representing the 
former cavity, on film of February 2, 1933 (figure 1). Tlio central portion, seen at the left,, 
is rich in nuclei and capillaries; this is followed by a fibrillar zone and on the right is a 
more cellular zone rich in blood vessels. 


Plate I 

Figs. 1 and 2. Case 1 (M. S.) Roentgenograms revealing the cavity in the left upper 
lobe on film of Feburary 2, 1937 before institution of pneumothorax (figure 1) and its replace- 
ment by a dense focus on film of October 19, 1943 (figure 2). 

Fig. 3. Coronal section of the left upper lobe through the dense focus representing the 
posterior half. To the left, the lateral subdivision of the anterior division of the upper 
lobe bronchus is seen close to the blind end. 

Figs. 4, 5, and 6. Photomicrographs of representative sections of the lateral sub- 
division and its two branches in which the latter divided with a portion of the posterior 
halt of the focus. Figure 4 illustrates a cross section of the actual lateral subdivision; 
figure 5 that near the blind end and the obliterated branch (above); and the obliterated 
proximal portion of the other branch (below) at the branching off point ; the distal portion 
of this branch is filled with caseation (figure 6). 

Fig. 7. Photomicrograph of the obliterated branch of the patent anterior subdivision. 

Fig. 8. Schematic drawing of the closed cavity and the ultimate picture of the former 
tributary bronchi. 
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cm. thick, shading off upward and downward. The horizontal subdivision of the apical 
division terminated at the medial aspect of tlic scar. In the remaining layers, there were 
a few small, round, caseous, partially cjilcified, foci in the summit and anteriorly in the 
angle formed by the visceral pleura and the obliterated fissure between this lobe and the 
middle lobe. 

On microsco])ic examination, the scar consisted almost uniformly of collagenous connec- 
tible tissue circularlj’- arranged and denser at the periphery than at the center. The outer- 
most zone was much less dense and veiy rich in small blood vessels. The central portions 
exhibited densely crowded capillaries with plasma cells and l3nnphocj’tes between them 
(plate II, figure 4). One small bronchus coin-siug along the scar terminated at its medial 
aspect. It could also be seen that two bronchioles communicated with the surface of the 
visceral pleura and that one caseous tubercle had ruptured through the pleura, thus 
accounting for the soui'ce of the empyema. 

Stonmary: This man had a recent cavity in the right upper lobe and under pneu- 
mothoraxthis cabdty graduall.y shrank concenti-icall.^'. After the caseous material 
was simultaneousl.y expelled, the small residual cavit}" shrank further, finalh' 
disappearing completel.v bj' formation of a scar. Tlie latter consisted in the 
outer zone of dense collagenous connective tissue and in the center of loose con- 
nective tissue rich in capillaries. The draining bronchus, coursing in its periph- 
eral segment along the scar, terminated blindly at the medial aspect of the latter. 

Case S: The patient (T. S.) was a 21-3'e;ir-old white male. The onset of the disease was 
in June 1939 and was characterized b3' a pneumonia in the left lower lobe. From there it 
spread to the right upper lobe. Pneumothorax was induced on the left side in December 
1939, and on the right in March 1940, because of a cavity measuring 2.5 cm. in diameter, 
situated i)osteroIaterall3' between the fifth and sixth ribs. After a pneumonohvsis in June, 
the cavit3’- diminished in size and was no longer demonstrable in Januaiy 1941. Over the 
following yeaia it shrank more and more, exhibiting an irregular^' outlined opacity on a 
chest film on June S, 1945. lYhen the patient was transfei-rcd to this Jiospital in Januaiy 
1946, two cavities and a bronchopleural fistula were demonstrated on the left side. Thora- 
coplast3' was decided upon after partial re-e.xpansion of both lungs. The posterior 
segments of the upper six ribs were removed Jamiaia' 30, 1946. The patient died a few 
hoiire thereafter in a state of severe anoxemia. 

Postmortem findings; The right upper lobe was found markedfv collapsed by pneumo- 
thorax, being pushed toward the mediastinum and backward. In the lower third, how- 
ever, it extended lateralb^ as a ridge, triangular shaped in the sagittal plane to the chest 
wall. It was adherent to the latter and at the base to the middle lobe. On cutting the 
right upper lobe in 1.0 cm. thick la3'ers and on tracing the various bronchi, a lateral 
branch of the posterior division, coursing somewhat beneath the crest of the ridge, termi- 
nated bliudb" in a double leaf-shaped caseated focus with a calcified center surrounded 63’ 
a fibrotic capsule. This focus was unquestionably the relic of the cavity observed on the 
roentgenograms during life. Scattered through the right upper lobe were numerous small 
foci of recent tuberculous bronchopneumonia. 

Histological analysis furnished no more information as to the composition of the focus 
itself thaJi was obtained on macroscopic e.xamination. It was found, however, that a 
string of connective tissue which contained remnants of bronchial cartilage coursed firet 
in a straight line and then deviated forward for a short distance, eventual^" fusing with 
the blind end of a bronchus. 
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Sinnmanj: TliisputictK, hud u cavity in (hn riuihl. upper lobe, drained l)y t he lat- 
eral subdivision of the. posterior division of the right main iuonelms. Under 
pneumothorax the upper two-thirds of tliis loiie collapsed rendily. In the. lower 
third of the lobe, where the cavity wassituated. ivlaxation took place only anteri- 
orly and from behind, wedging in the lung parenchyma l.)ecause of adhesions to 
the chest wall. A chmble leaf-shaped folding of the tavvity wall vesviltcd and the 
draining bronchus became deviated forward from it.s straight course as w(!ll. 
Then, under shrinkage, the caseous content, became inspissated with subscciuent 
deposition of calcium. The bronchus, muiucstionably involvc'd by tuberculo.sis 
at the portion contiguous to the cavity, was included in the contraction and 
finally becatne obliterated by librillar connective tissue. 

Case 3: The patient (A. G.) was a -Kt-ycar-old white female. Tlie onset of the disease, was 
in IfllT witii an henioply.«is. Roentgcnognjphic nxamin.atitm of tlie c!ie.sf, reve.alcd 
lnlater.il apical infiltr.ition. Following bed-rest for five yeais, line disease hee.aiiic “.ar- 
rested" in 1922, Tliereafter the jiaticnt was well until 193.'t, when the .«i)ulum .ag.ain 
containctl tuberelc bacilli. A roentgenogr.un taken on May 23, 1933, .showed a cavity in 
the left lung at the level of the sixth rib posteriorly. The siiiituin again bcc-amo negative 
for tuberelc bacilli on bcil-rest of one year’s dunition. A roentgenogram taken .bine 30, 
1937, revealed a stellate oiiaeity at the .site of the former cavity (jihitc HI, figure 1). 
Bceau.se of another hemoptysis on January 12, 1913, ami an attack of “eonge.stion of the 
lung” on Alareh 1, 1913, the patient entered this lio.sj)it.'d on So))foml)cr 23, HM.3. A 
i-ocntgcnognun taken shortly thereivftcr revealed bilater.il fibrotii: disea.se of the tijipcr 
lobes with bi-onehico.tiisis. The focus seen in 1937 on the left side had decreased in density, 
appearing much “harder”. The sputum, though amounting to 2.r> ouuec.s d.aily, revealed 
tubercle bacilli on direct examination only twice after admission, although organisms wore 
oceasioually obtained by culture. The patient rlicd October 20, 19M, of right heart 
failure. 

Posliiiorlcm fitxh'ags; The upper lobe of the left lung was markedly shrunken, showing 
fibrosis and crowdcil saccular and cylindrical bronchiccl.asis with a small amount of 
intcrx'oning emphy.sematous parenchyma. The lower lobe was enlarged a,s a result of 
diffuse compen.satoiy emjihysema. In its jiosterior half, in the area siijiplied bj’ the 
superior division of the lower lobe bronchus, there was a stellate fibrotic sear me;i.suring 
about 2.0 cm. across and 1 .0 cm, in height. In the adjacent jiarenehyma, the emi)h.v.sema 
wa.s much more pronounced forming smalt blebs between the prongs of the scar. 

On microscopic examination of serial .sections, the stellate scar (plate III, figure 2} 
consisted throughout of fibrillar councctivc tissue intcmpci-scd with numerous dilated 
blood and lymph vessels. At the outer zone, .«evcrnl large arteries exhibited obliterating 
arteritis. In numerous areas there were foci of lymjihocytes, round in the periphciy and 
elongated in the center, extending toward the former draining bronchus. Nowhere was 
there seen any evidence of tuberculous granulation tissue. The scar was rather thin in 
the sagittal diameter. It e.xtended almost pcipcndiciilar to the course of the tributary 
bronchus that terminated blindly. Thi.s bronchus was lined by a lajmr of cylindrical 
epithelial cells. The basement membrane shaded off gradually towards the blind end and 
finally disappeared completely. At its termination the bronchial lumen .showed numerous 
small pouches beyond which collections of Ijmgjhocytes were seen extending into the scar. 

Swnmai ij: This patient had a cavity in 1933. On bed-rest it became corapletel 3 ’’ 
obliterated bj'’ contraction and approximation of its wall, prcdominantlj’’ in an an- 
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Plate III 


Fig. 1. Case 3 (A. G.) Boentgenogram revealing a stellate opacity at the level of the 
sixth posterior rib on the left, ou film of June 30, 1937, at the site of a cavit 3 ' which was 
visible on a film of Jiaj' 23, 1933. 

Fig. 2. Photomicrograph of the stellate scar at the site of the former cavitj'. Notice 
the congested, dilated blood and lymph vessels seen mthin the fibrotic tissue and the em- 
phj-sematous blebs between the stellate processes of the scar. Near the upper left corner, 
the blind termination in the scar of the former draining bronchus (superior division of tiie 
left lower lobe bronchus) may be seen. 



l’r,ATn IV 


Fins. 1 and 2. Case 4 (M. Del G.) RocnlRcnograins revealing a cavity in the right lower 
lobe on film of May 27, 1910 (figure 1) before institution of pneumothorax and a stellate 
opacity after optional re-expansion on film of January 20, 1942 (figure 2). 

Fig. 3. Coronal section showing the stellate scar representing the former cavity (figure 1 ) 
in the right lower lobe. A few terminal hematogenous tubercles are seen scattered through- 
out the lung parenchyma. At the left, the fused parietal and visceral pleura, with a portion 
of an interlobular septum extending towards the scar, is clearly discernible. 

Fic. 4. Jlicroscopic section through the stellate scar (figure 3) representing the former 
cavity in the right lower lobe. Near the left upper corner a small portion of the inter- 
lobular septum illustrated in figure 3 is seen. The two bronchioles that terminated blindly 
at the outer zone of the scar are not visible in this figure. 
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terior posterior direction. The process apparently took place rather slowly while 
at the same time the caseous material was completely expelled. Also at the 
same time, or shortly thereafter, an identical process occurred at the broncho-cav- 
itary communication and resulted finally in its complete occlusion. Presuma- 
bly the tuberculous granulation tissue lining the cavity wall was very small in 
amount and was readily absorbed and replaced by fibrotic tissue, with consequent 
complete healing of the cavity. 

Case4: Tlie patient (M. Del G.) wasa 20-year-old whitefemaie. The onset of thedise.nse> 
catarrhal in tjqre, was in September 1939. A roentgenogram taken November 21 , 1939, 
after admission to the liospital, showed bilateral infiltration of both lungs above the fifth 
anterior rib with a cavity measuring 2.5 x 4.5 cm. in the right upper lobe and beginning 
cavity formation in the right lower lobe at the level of the eighth posterior rib. Tlie 
latter ca\'ity measured 2x2 cm. by May 27, 1940 (plate H'', figure 1 ). Therapeutic 
pneumothorax was induced on the right side on July S, 1940. The pneumothorax was 
abandoned, however, in September 1940 because of numerous thick bands of adhesions 
about the upper lobe and the development of an uncontrollable massive effusion. The 
lung was optional^' re-expanded b 3 ' September 26, 1941. A roentgenogram taken at this 
time showed an oval-shaped faint opacity, not shaipl.v demarcated and about I.O cm. 
across, at the site of the former ca%'it 3 ’' in the right lower lobe. During the subsequent 
months and years this opacity steadily decreased in density and its outline became jagged 
(plate n*', figure 2 ). In the meantime, the disease progressed on the left, where a huge 
eaxatj' had also formed. As aip'- 1.3716 of active therapy was considered ineffective, the 
patient was kept only under nursing care. She died March 16, 1945. 

Posimoriem fijidings: On cutting the right lower lobe in 1.0 cm. thick la 3 'ei-s, a scar was 
found about 2.0 cm. underneath the pleura, in about the middle layer, supplied 63 ' a 
branch of the lateral division of the lower lobe bronchus. The scar had a stellate outline, 
measured about 1.0 cm. across, and was of a whitish leather 3 '-like consistenc 3 '’ (plate I^’, 
figure 3). On microscopic examination, it had the stellate configuration as seen macro- 
scopically. The scar consisted almost throughout of fibrillar connective tissue, somewhat 
denser at the periphery. The central portions contained nuraeious tliin walled, dilated 
blood and l 3 Tnph vessels. In several areas the connective tissue stmetures were inter- 
spersed with collections of l 3 Tirphoc 3 i;es (plate R'’, figure 4). Nowhere was there seen any 
trace of residual tuberculous tissue. Two bronchioles terminated blindly, one at the outer 
zone of the scar and the other somewhat awa 3 ’- but connected with the latter by a fibrotic 
string. 

Summanj: The cavity was located at the periphery of the lower lobe and was 
supplied by two bronchioli of the lateral division. The cavity had formed in a 
short time and was therefore thin walled. On institution of pneumothorax, 
it collapsed readily. In this process of collapse, two draining bronchioli were 
included, the lumens of which finally became obliterated in the segment close to the 
cavity wall. As the cavity had formed rapidlsq due to liquefaction of the caseous 
material, the latter was readily e.xpellcd. The wall of the collapsed cavity was 
rapidly replaced by fibrotic tissue which also simultaneously obliterated the lu- 
men. 

DISCUSSION 

The mechanism at work resulting in the disappearance of the ca\fities by 
conversion into closed caseous foci or by healing was the same in this series of 
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five instances as had been previously reported (1). There was no difference 
whether the cavity was of recent development and thin walled or of long standing 
and with a rather thick wall. It is obvious that closure will take place in a much 
shorter time in the former than in the latter under favorable conditions, that is, 
when the pleural space is free and when the cavity is surrounded by normal lung 
parenchyma. Under pneumothorax, however, it is Imown from experience that 
the length of time required for closure can be determined to a great extent by the 
clinician’s measurements of the amount of air instilled and the interval at which 
air is given. The clinician usually notices with satisfaction the rapid decrease 
in the size of the cavity and its final closure under this type of treatment and the 
patient is full of joy on hearing this news. Yet such jubilation is only partially 
justified, as shown by a careful analysis of the end results of the series previously 
reported (1) and the present one. The two series represent in the majority of 
cases only closed cavities which were transformed into caseous inspissated foci, 
though well W'alled off. Such foci persist probably for the rest of the patient’s 
life; in other words, for many years or decades if the patient lives that long. 
The caseous foci contain varying amounts of calcium deposits, dependingior the 
most part on the lapse of time and to some extent on the size of the foci. In 
larger ones the calcium is usually found at the periphery, in the smaller ones in the 
center. Though these inspissated foci may shrink in the course of years, complete 
healing, that is, their replacement by a scar formed by connective tissue growing 
in from the capsule with simultaneous absorption of the caseous material, 
probably takes place very rarely and only in the small foci, if it occurs at all. 

It may be seen in table 1 that, in the combined series, closed foci were en- 
countered in seven out of eight instances treated by pneumothorax. After 
cavity closure was observed on the roentgenogram, closed foci were still present 
at four years and eight months in cases 2 and 3 of the previously reported 
series, and at six years and eight months and at five years, respectively, in cases 
1 and 2 of the present series (table 1). In the latter instances the original 
cavities were only moderate in size, measuring 4.0 cm. and 2.5 cm. in diameter, 
respectively. The time in which closure was achieved ranged in all these cases 
from six to eight months. The cavity was observed to close in a comparable 
period in case 5 of the previous series, where the patient was treated on bed-rest 
alone. Upon inquiry as to the cause for the development of these closed foci, 
it seems reasonable to assume that the above mentioned time in which closure 
was attained was much too short for complete sloughing off and expulsion of 
caseous material and cleansing of the lining of the cavity. 

In this connection, it should be pointed out that in some cavities, especially 
those formed in recent bronchogenic infiltrates, large amounts of caseous material 
can not only be retained, but some of it may even be squeezed into the draining 
bronchus or bronchi for some distance when the lung is rapidly collapsed. Thus 
these cavities may disappear, but they do not always become converted into 
closed foci. As they are only plugged, they are apt to reopen after removal of 
the plug, as is frequently seen during an upper respiratory infection or violent 
coughing or during re-expansion. 

The sloughing off and expulsion of caseous material and cleansing of the cavity 
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TABLE 1 

Final status of cavity determined postmortem 



AGE or CAVIIV 


UniEN'SIOKS 

OFCAvrrit 


lATSE OF TOTE 
0NTa.cwstmE 
OFCAVUV WAS 
OBSEJIS’ED IN 
ins KOEStOE- 
NOGEAM 


lENGIE Of TIME 
AFTER CtOSOEE 
WAS OBSEErao 
IN THE ROENT- 
OENOCEAir 


FINAt STATUS 
OF CAVITY 


Case 1, M. S. (left lung) 
Feb. 1937 
*Aug. 16, 1937 
May 17, 1944 

Case 2, T. S. 

March 1940 

June 1940 (pneumonol}'- 
sis) 

*Junc 1941 
June 30, 1946 

Case 1, r., M.S. (right 
lung) 

April 1933 
*Jtcne 1934 
May 17, 1944 

Case 3, A. G. 

May 23, 1933 i 

*July 1934 

1944 

Case 4, M. Del. G. 

July S, 1940 
*Sepl. 96, mi 
March 6, 1945 


CASES pxEvionsty reported; 
Aif. SZV. TTBERC., 1944, 500 


Case 1, C. B. 
Oct. 23, 1936 
*Juhj 94, 1937 
Nov. 2S, 193S 

Case 2, G. D. K. 
July 6, 1936 
*Jan. S3, 1937 
Oct. 6, 1941 

Case 3, S. G. 
Dec. 1935 
*May 1937 
Jan. 11, 1942 


yrs. old I 4.0 cm. 


Bccent 


Recent I 3.0 cm. 


About G C years S Closed, p-ar- 
months months tially calci- 
fied 


8 months 5 jT.ars Closed, par- 
tially calci- 
fied 


14 months About 10 Healed 
years 


Recent 2.5 cm. 14 months 10 years Healed 


Recent [ 2.0 cm. 


14 months , 3 j'ears 5 j Healed 
months 


Recent 2.0 cm. 


Moderatelj' 4.5 cm. 
long 

standing 


Long 7.5 X 5.0 

standing cm. 


S months 1 year 4 Closed, fine 
months calcium 
granules 


7 months 4 years S Closed, fine 
months calcium 
granules 


1 j’ear 6 4 years 7 Closed, fine 

months months calcium 
grannies 
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TABLE 1 — Continued 


CASE 

ACE 0? cAvrrv 

SIUEKSION'S 
OF CAVITY 

lAPSE OF TIltE 
UKTIE CLOSURE 
OF CAVITY WAS 
OBSERVED IN 
THE ROENTGE- 
NOGRAM 

1 

LENGTH OF TIME j 
AFTER CLOSURE 
WAS OBSERVED 
IN THE ROENT- 
GENOGRAM 

FINAL STATUS 

OF CAVTTY 

Case 4, L. S. 2X 

May 10, 1937 
*Feh. SI, 1938 

Dec. 27, 1938 

Recent 

1.5 cm. 

9 months 

10 months 

Closed, fine 
calcium 
granules 

Case 5, G. B. 

Nov. 12, 1942 
*Avg. S, 1943 

Recent 

3.0 cm. 1 

! 

1 

8 months 

8 months 

Closed 


* Italicized date represents the date on which closure of the respective cavitj' was ob- 
served for the first time in the Roentgenogram after treatment was instituted, represented 
by the first date. The third date indicates end of observation. 


lining had apparently occurred in case 1 on the right side and in cases 3 and 4 of 
the present series in which the cavities had completely healed. The time until 
closure was observed was much longer, being about fourteen months in each case. 
In case 3 closure occurred on bed-rest; and in the others after pneumothora.\', 
which in one was replaced by a pleural effusion during optional re-expansion. 
This relation of the time of apparent closure to healing is most clearly demon- 
strated in the end results of case 1, with cavities in both upper lobes. Although 
the character, the size and the type of treatment (pneumothorax) of the original 
cavities were about identical, the right limg cavity was found completelj' healed 
ten years after closure. This healed cavity and the cavities of cases 3 and 4 
(treated on bed-rest) were roentgenographically demonstrable for a fourteen 
month period before apparent closure. The time within which healing had 
taken place after closure cannot be stated definitely. It will unquestionablj' 
depend on such factors as size; location, and age of the cavity; thickness and 
character of the wall ; and the influence exerted by the contracting forces, whether 
concentricallj’- or predominantly in one direction. Small amounts of necrotic 
tissue will probably be retained even under the most favorable conditions, but 
this will be absorbed gradually by ingrowing connective tissue replacing the 
tuberculous inner layers of the ca%dt 3 ’’ wall. Under continuou.s regression with 
the granulation tissue becoming poor in nuclei but rich in fibres, a bland scar is 
ultimatelj’ formed with a main outline, either spherical or elongated, and with 
stellate processes extending from its outer zone. 

SUMMAHY 

1. Five additional instances of anatomical disappearance of tuberculous 
cavities confirming prenous ob.scrvations on the mechanism involved are re- 
ported. 

2. Two cavities in the scries were converted into closetl inspissated foci con- 
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taining varying amounts of calcium deposits. These lesions had been treated by 
pneumothorax. Three ca^dties had completel}’’ healed ; one under pneumothorax, 
the second on bed-rest, and the third on bed-rest after the ca\dty had disappeared 
under a short-term pneumothorax. 

3. The length of time of observation after disappearance of the cavities from 
the roentgenogram was six years, eight months, and five years, respectivelj’', in 
the two instances with closed inspissated foci. In the three instances with 
healed cavities, the period of observation after apparent closure was ten years in 
two cases, and three years and five months in the third. 

4. The factom leading to the two tjrpes of end results in the present and in a 
previously reported series are discussed. 

STOIAKIO 

Cierre y Cicalrizacion de las Cavernas Tiibercitlosas 

1. Comunicanse cinco casos mas de desaparicidn anatdmica de cavernas 
tuberculosas que confirman pre^das observaciones relativas al mecanismo 
participante. 

2. Dos cavernas de la serie se convirtieron en focos espesados cerrados que con- 
tenian cantidades variables de depdsitos de calcio. Esas lesiones habian sido 
tratadas con el neumotdrax, Tres cavernas habian cicatrizado completamente: 
una con el neumotdrax; otra con el encamamiento, y la tercera con el reposo en 
cama despu4s de desaparecer la caverna tras un neumotdrax de poca duracidn. 

3. El periodo de observacidn consecutive a la desaparicidn de las cavernas, de la 
radiografia, durd seis anos y ocho meses, y cinco auos, respectivamente, en los dos 
casos con focos espesados obturados. En los tres casos de cavernas cicatrizadas, 
la observacidn consecutiva al cierre aparente durd diez anos en dos casos y tres 
anos y cinco meses en el otro. 

4. Disciitense los factores que condujeron a las dos formas de resultados termi- 
nales en la serie actual y en otra anterior. 
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DRUG-RESISTANT TUBERCLE BACILLI IN PATIENTS UNDER 
TREATMENT WITH STREPTOMYCIN'- 

E. WOLINSIQ', A. REGIN’STER* an'd \V. STEENKEN, JnA 

AKcntion was first called to the appearance of slreptomycin-resistant tubercle 
bacilli in patients treated with streptomj’cin by Youmans et al. (1) in 1946. 
Steenken (2, 3), Youmans and Karlson (4), and Karlson, Feldman and Hinsbaw 
(5), followed with further reports on the subject. Recentlj’’, McDermott, 
iMuschenheim and their collaborators (7, 8) and the Veterans Administration 
Streptomycin Committee (9) published data on the sensitivity of cultures iso- 
lated from their patients at frequent intervals, Pyle (G), in her studies on drug- 
resistant tubercle bacilli, reported the results which she obtained by planting 
sputa directly on solid medium containing various concentrations of strepto- 
mycin. 

The present paper consists of a report of the results of streptomycin sensith-itj-- 
tests on tubercle bacilli isolated at weekl}-’ inteivals from a large group of 
patients before, during, and after, treatment with various doses of the drug. 
The rate at which dnig-resistance appears, as well as the degree of resistance 
manifested, and its permanence after therapy is discontinued, will be presented, 

METHODS 

Tubercle bacilli were rceovered from sputum, gastric contents, urine, or pleural fluid 
by the conventional method of digestion and concentration mth sodium hydroxide. The 
organisms were then cultured on a modified tentative medium’ recommended by the 
Committee on Evaluation of Laboratory Procedures of the American Trudeau 
Society (10). Tliesc cultures were e.\amined weekly, and, ns soon as the first sign of 
growth appeared (from twelve to twentj'-two da 3 'S vith highlj' positive sputa), it was 
transferred to a tube of Tween-albumin liquid medium' (11). Indiridual colonies in the 
same culture tube may occasionallj' give different results when tested for sensitivity, and 
for this reason a representative sample of manj’ colonies was used when the growth was 

> From the Trudeau Laboratory of The Trudeau Foundation for the Clinical and Ex- 
perimental Study of Pulmonarj' Disease, Trudeau, New York. 

' This study is part of the Streptomjxin-Tuberculosis Research Project of the American 
Trudeau Societj-, Medical Section, National Tuberculosis Association. The drug was 
generously donated to the Society bj- Abbott Laboratories, Eli Lilly and Company, Merck 
and Company, Inc., Charles Pfizer and Companj-, Inc., E. R. Squibb and Sons, and The 
Upjohn Companj'. 

’ This studj' was aided bj' grants from the Division of Research Grants and Fellowships 
of the National Institute of Health, U. S, Public Health Service. 

< Portions of this study were presented at the Third Streptomycin Conference of the 
Veterans Administration, sponsored bj- the National Research Council, St. Louis, May 
1947. 

’ Parts of this paper were presented at the Forty-eighth General Meeting of the Society 
of American Bacteriologists, Minneapolis, May 1948. 

* Research Fellow of The Trudeau Foundation, from the University of Liege, Belgium, 
Department of Prof. L. Brull. 

■ With the technical assistance of Marjorie M. Smith, Verna Wetzel and Barbara O’Neil. 
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transferred to the liquid medium. If onij' a single colony appeared, this was transferred 
and tested as usual. 

Streptomycin sensitivity tests were done essentially as described pre\dously (12). 
Briefly, 0.1 cc. of a seven- to ten-day smoothly-^ov\’ing culture in Tween-albumin medium 
was inoculated into a series of tubes of the same liquid medium (pH 7.0 to 7.1) containing 
concentrations of 0.5, 1.0, 2.5, 5, 10, 15, 30, 60, 125, 250, 500, and 1,000 mcm. of strepto- 
mycin per cc. This series of tubes was examined at frequent intervals for fourteen days. 
Those which exhibited an increasing turbidity by the fourteenth day were considered 
positive for growth, all others negative. The sensitivity was recorded as the lowest 
concentration of streptomycin which inhibited growth. Any doubtful results were 
repeated. 

Estimation of Approximate Proportion of Resistant Organisms: When a strain of 
tubercle bacilli manifests resistance to streptomycin, not all the organisms in the 
culture are necessarily drug-fast. Therefore, it is important to know what per- 
centage of the microorganisms in a culture must be resistant to the drug in order 
to give a result of “resistant” in the sensitivity test. An approximate estimate 
of this proportion may be determined by observing the lag period before turbidity 
appears in a given concentration of streptomycin. To illustrate: Axtificial mix- 
tures containing various proportions of two strains of H37 Rv microorganisms, 
one sensitive and one resistant to the drug, were prepared. One strain was made 
resistant in vitro by serial subculture in Tween-albumin medium containing 
gradually increased concentrations of streptomycin until the organisms w^ere able 
to grow well in medium containing 1,000 mcm. per cc. The other strain was 
sensitive to less than 0.5 mcm. per cc. In table 1 may be seen w'hat occurs when 
such mixtures are subjected to the routine sensitivity test. 

In order to show growth in 1,000 mcm. per cc. by the fourteenth day (when 
the final readings were made), the mixture had to contain appro,ximately 0.1 per 
cent resistant organisms. The duration of the lag period was inversely related 
to the relative number of drug-resistant bacilli. A comparison of the results 
obtained in these experiments with the Tween-albumin medium and the serum- 
synthetic medium described by Y oumans (4) are also presented in table 1 . There 
was no significant difference demonstrable in these results. When the mixtures 

® Formula: 

Egg yolk — 500 cc. 

Potato water (S per cent glycerin)— 333 cc. 

Malachite green — 1:10,000 

® Formula : 

KH 5 PO 4 

Na:HP04:12 H-O 
Sodium citrate — 2 H;0 
MgS04:7 H-O 
Asparagin 
Glucose 
Vegex 
Tween 80 
Bovine Albumin 
Distilled HjO to make 1,000 cc. 


1.0 gram 
6.25 " 

1.5 “ 

0.6 " 

0.2 per cent 
0.2 " “ 

0.02 “ “ 

0.02 “ " 

0.5 " “ 
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in Tween-albumin medium were incubated for seven days before being tested, 
the results were the same as those presented in the table, suggesting that the 
growth rates of the sensitive and resistant organisms were about the same. 

Thus, it is possible to estimate the relative number of resistant organisms in a 
culture by observing the lag period before growth appears; in other words, a cul- 

TABLE 1 


Sensitivity to streptomycin of artificial mixtures of drug-sensitive and drug-resistant 

tubercle bacilli 


MIXTURE 

SIZE OF IXOC. INTO 
EACH TUBE 

MEDIUM 

RESULT OF SENSITIVITY TEST AS 
READ ON 14^ DAY 

NUMBER OF DAYS 
BEFORE GROWTH 
APPEARED IN 

1,000 MCM. PER 
CC. 

Approx, 
no. sens, 
org. 

Approx, 
no. resist, 
org. 

100 per cent resist. 

0 

7,000,000 

1 Tween-alb 1 

Over 1,000 mcm. per cc. 

4-e 

60 per cent resist. 

40 per cent resist. 

2,800,000 


Tween-alb 1 

Over 1,000 mcm. per cc. 

6-6 

40 per cent resist. 

CO per cent sens. 

4,200,000 

2,800,000 

Tween-alb 1 

Over 1,000 mcm. per cc. 

6 

20 per cent resist. 

SO per cent sens. 

5,000,000 

1 1.400,000 

1 

Tween-alb 1 

Over 1,000 mom. per cc. 

7 

1 

10 per cent resist. 

90 per cent sens. 

0,300,000 

700,000 

Tween-alb 1 

Over 1,000 mom. per ce. 

s 

1 

1 

1 per cent resist. 

09 per cent sens. 

0,930,000 

70,000 

1 

Tween-alb 1 
Tween-alb 2 
Serum-Syntb. 

Over 1,000 mcm. per cc. 
Over 1,000 mcm. per cc. 
Over 1,000 mcm. per cc. 

11-12 

11 

10 

0.1 per cent resist. 

99.9 per cent sens. 

0,993,000 i 

7,000 

Tween-alb 2 
Serum-Synth. | 

Over 1,000 mcm. per cc. 
Over 1,000 mcm. per cc. 

14-10 

14-15 

0.01 per cent resist. 
99.99 per cent sens. 

6,959,300 

700 

Tween-alb 2 
Serum-Synth. i 

i 

0.5 mcm. per cc. 

1.0 mcm. per cc. 

17-10 

17-19 

0.001 per cent resist. 
99.999 per cent sens. 

6,999,930 

70 

Tween-alb 2 
Serum-Synth. 

0.5 mcm. per cc. 

0.5 mcm. per cc. 

20-22 

20-22 

0.0001 per cent resist. 
99.9999 per cent sens. 

6,999,993 

■ 

Tween-alb 2 
Serum-Syntb. 

0.5 mcm. per cc. 

0.5 mcm. per cc. 

Over 21 days 
Over 21 days 

100 per cent sens. 

7,000,000 

B 

Tween-alb 1 

0.5 mcm. per cc. 

No growth 


Tween-alb 1 = 0.05 per cent Tween SO + 0.2 per cent albumin. Tween-alb 2 — 0.02 per cent Tw'een 80 -f- 0.5 per 
cent albumin. 

Results of streptomycin sensitivity tests in liquid media of prepared mixtures of H37 Rv microorganisms sensi- 
tive to streptomycin, and H37 Rv micro6rg«anisms made resistant to 1,000 mcm. per cc. of streptomycin. 


ture which produces growth in the tube containing 1,000 mcm. of streptomycin 
per cc. of medium in four or five days may be considered to contain a majority of 
organisms resistant to 1,000, whereas a culture which shows growth in this tube 
only after twelve to fourteen days of incubation may be considered to have less 
than 1 per cent of its population actually resistant to 1,000 mcm. per cc. of 
medium. 
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RESULTS 

Patients at Trudeau Sanatorium 

This report is based on the study of 47 patients at Trudeau Sanatorium who 
■were treated for periods of six to sixteen weeks. All 47 were treated for at least 
six weeks, 33 were treated for at least eight weeks, 24 for ten weeks, 20 for twelve 
weeks, 13 for fourteen weeks, and 8 for sixteen weeks. The dosage of strepto- 
mycin varied from 2.0 grams daily, vdth injections every four hours, to 0.5 grams 
once a day, but the majority of the patients received 1.0 gram a da}”- in two injec- 
tions. Cultures of sputum, gastric contents, urine, or pleural fluid were made 
weekly during treatment, and monthly thereafter. 

All patients produced cultures that were sensitive to 0.5 mcm. of streptomycin 
per cc. before therapy was started. Of the 47, there were 8 who yielded drug 
resistany* tubercle bacilli during treatment. The earliest resistant culture was 
isolated from a patient on the twenty-ninth day of therap 3 '’, and these organisms 
were resistant to the action of 1,000 mcm. of streptomycin per cc. Other drug- 
resistant cultures isolated early iu the course of treatment were first obtained on 
the thirtieth, the thirty-fourth, and the thirty-si.xth daj'. The other four dnig- 
resistant strains were obtained after si-x, seven, eight, and e)e^"en weeks of 
therapy. 

In table 2 are presented the results of the weekij’’ sensitivity tests, based on the 
number of patients with positive cultures for each week. The percentage of 
positive cultures that were resistant to 10 or more mcm. per cc. is given in the 
next to last horizontal column. 

It ■null be observ'-ed that there were no drug-resistant cultures isolated during 
the first three weeks of therapy. After four weeks, however, two cultures, or 
4.5 per cent of the positive cultures, proved to be resistant. This percentage rose 
steadily from week to week as treatment continued. 

The degree of resistance manifested by these cultures varied wideI 3 ^ Four of 
the 8 patients yielded organisms which grew readilj’- in 1,000 mcm. per cc.; two 
cultures increased in resistance up to 125 to 250 mcm. per cc. and remained at 
that level despite the continuance of treatment; two cultures increased up to 15 
to 30 mcm. per cc. and no higher. At the end of six weeks of therapy, 75 per cent 
of the positive cultures were still sensitive to 1.0 mcm. per cc. or less. At the 
end of twelve weeks, only 58 per cent of the positive cultures exhibited this same 
degree of sensitivity. 

Miscellaneous Observations: In addition to the group of patients already men- 
tioned, sensitivity tests were done on many patients under treatment by their 
private physicians in Saranac Lake. Because of the great variation in dosage, 
length of treatment, and inter\’-al between cultures, it is impossible to present a 
complete analysis of this group. There were 9S patients, however, on whom suffi- 
cient data were available to determine whether or not they had produced drug- 
resistant cultures during therapy. Adding these 98 patients to the group al- 
io In this report, cultures resistant to 10 or more mcm. per cc. are considered "drup- 
resistant.” 
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ready described, gives a total of 145 patients whose cultures were tested for sen- 
sitivity to streptom 3 ’'cin in this laboratory. Disregarding the dosage and length 
of treatment (except that each patient was treated for at least four weeks), there 
were 51, or 35.1 per cent, whose organisms became drug-resistant at some time 
during therapj’", and there were 94, or 64.9 per cent, whose cultures either became 
negative or remained sensitive. 

Permanence of Resistance: Tubercle bacilli that are made resistant to strepto- 
mycin in vitro retain this characteristic for at least a year when cultured in the 
absence of the drug. Also, a highly resistant H37 Rv strain that has had 


TABLE 2 

Scnstiivity to streptomycin of tubercle bacilli isolated from patients under treatment with 

streptomycin at Trudeau 


MCM. or STRXPTO- 

before 

TREAT- 

AFTER 2 
WEEKS 

AFTER 3 
WEEKS 

AFTER 4 
WEEKS 

AFTER 5 

1 WEEKS 

AFTER 6 
WEEKS 

AFTER 7 
WEEKS 

AFTER 8 
WEEKS 

AFTER 10 
WEEKS 

AFTER 12 
WEEKS 

MYCIN PER CC. OF 









1 



1 









TO INHIBIT 
GROWTH 

Number 

Per cent 

Number 

Per cent 

Number 

Per cent 

Number 

Per cent 

Number 

Per cent 

Number 

Per cent 

Number 

Per cent 

Number 

Per cent 

Number 

Per cent 

Number 

Per cent 

0.5 or less 

43 

m 

46 

1 



32 

m 

26 


26 

1 

1 

21 i 


14 

1 

12 

■ 

8 


0. 6-1.0 


■ i 


1 



6 


4 


4, 


Ij 


2 


2 

■ 

3 


2.0-5.0 







4, 


4 


5 


■ 


4 



■ 

1 


10-31.2 







1 


2 


2 


■ 





■ 

1 


60-125 











1 


m 


2 


2 

■ 

2 


250-1,000 
Over 1,000 







1 

■ 

21 

1 


2i 


I 


4 


4 

1 

4 


Total 1.0 or 
less 

43 


46 

1 

44; 

1 

38 


fl 

79 

30 

75 

22 

i 

71 1 

16 

61 

14 

70 

' 11 

58 

Total 5.0 or 


less 

43 


46 

■ 

44 


42 


34; 

I 

89.5, 

35 

87.5; 


84; 


77 

: 14 

! 

70 

12 

63 

Total 10 or 



more 

■ 


■ 


0 


2 

4.5 

4 


5 

12.5 


16 

6 

23 

6 

30 

7 

37 
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tive cul- 
tures 

43 


46 


44 


44 

■ 

38 

1 

40 


31 

1 

26 


20 

1 

19 
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monthly testicle passage from guinea pig to guinea pig over a period of eight 
months still retains this same high degree of resistance. Clinically, streptomycin 
resistance is likewise relatively permanent. The writers have under observation 
many patients who yielded tubercle bacilli resistant to 1,000 mcm. per cc. during 
therapy, and who still produce cultures of equal resistance six to twelve months 
later. Two patients, who finished their courses of streptomycin with cultures 
sensitive to 125 to 250 mcm. per cc., still yielded organisms of the same sensitivity 
twelve months and six months later. This occurred in one of these pa- 
tients despite the administration of a second course of streptomycin therapy. 
Many patients, whose cultures exhibited a sensitivity of 2.5 mcm. per cc. after 
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treatment, still produced cultures of identical sensitmty many months after the 
drug was discontinued. 

Two patients have been obsen^ed, however, whose cultures reverted from resis- 
tant to sensitive. One yielded cultures resistant to 1,000 mcm. per cc. at the 
end of his first month of treatment, and equall3»- resistant cultures monthly during 
liis four-month course of therapy and the first month thereafter. Three montlis 
later, this patient’s sputum culture was again complete^’- sensitive, and since 
then it has remained sensitive on repeated examination. The other patient pro- 
duced a culture on the thirt5’’-fourth day of treatment which required from 10 to 
15 mcm. per cc. to inhibit its growth. A culture isolated one week later, corres- 
ponding to the conclusion of treatment, was sensitive to 2.5 mcm. per cc. The 
next culture, taken one month later, was also sensitive to 2.5. Organisms iso- 
lated three months after therapy were again completelj’- sensitive to 0,5 mcm. 
per cc. It is not meant to imply that these organisms actually reverted from 
resistant to sensitive, but the percentage of resistant forms in the culture cer- 
tainly decreased to a point where the}’’ were no longer detectable by the method 
in use. 

One patient has also been observed who finished his forty-two-daj’" coume of 
drug therapy with tubercle bacilli still sensitive to 0.5 mcm. per cc., but who 
yielded a culture resistant to 30 mcm. per cc. two months later. This was con- 
firmed the month following, when his culture was again moderately resistant. 
There was no change in the clinical course of the patient’s pulmonary tuberculo- 
sis, which was one of slow, steady improvement, coinciding with the appearance 
of the resistant organisms. 


DISCUSSION 

It has been brought out by others (2), and confirmed in this laborator}’-, that 
the results of sensitmty tests on a given cultm-e may varj--, depending on the 
composition of the medium used to perform the test. Also, a slight variation 
may be expected as a result of indhidual differences in technique in different 
laboratories. If, however, the method emploj'-ed remains constant, the results 
of serial tests performed in a single laboratory, as reported in this paper, should 
be significant. 

For statistical purposes, those cultures which were able to grow in 10 mcm. or 
more of streptom5'cin per cc. of medium have been arbitrarily designated as re- 
sistant. The choice of this particular concentration (10 mcm. streptom5'cin 
per ml.) was influenced by the results of streptom3'cin therapy in guinea pigs 
pre\dously infected vdth cultures of intermediate resistance isolated from pa- 
tients under treatment (14). It was found that animals infected with cultures 
sensitive to 5 to 15 mcm. per cc. e.xhibited a varied response to therapy; some 
responded well, others responded not at all. Animals infected with all cultures 
requiring 30 or more mcm. per cc. for inliibition of growth did not respond to 
treatment; whereas, those infected with most cultures sensitive to 2.5 mcm. per 
cc,, or less, responded well. 
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The clinical significance of in vitro drug-resistance of a patient’s tubercle bacilli 
must be evaluated as soon as possible if streptom 3 '-cin is to be accorded its proper 
place in the treatment of tuberculosis. When drug-resistant strains are dissem- 
inated by personal contact, will the use of streptomycin become increasingly in- 
effective? What damage to the patient may be done if therapy is continued in 
the presence of drug-resistant organisms? Does the fact that a culture is resis- 
tant in vitro signify that continued treatment with the drug is useless? Careful 
correlation between laboratory results and the clinical course of the patient’s dis- 
ease is necessary to answer these questions. Some data have already been 
gathered. There have been many cases of relapse or spread of disease during 
therapy, coinciding with the appearance of drug-resistant organisms (7, 8, 13). 
The results of retreatment with streptomycin in patients harboring drug-resistant 
tubercle bacilli have not been encouraging (7, 8, 13). In the animal body, it is 
quite definite that guinea pigs and mice infected with drug-resistant tubercle 
bacilli do not respond to adequate therapy with streptomycin (14, 15, 16) in 
contrast to the favorable results in animals infected with drug-sensitive 
organisms. 

Until a more effective method is devised to eliminate drug resistance, it would 
appear that, if it is desired to restrict the production of streptomycin-resistant 
strains of tubercle bacilli, the best plan is to limit a course of treatment with the 
drug to four or six weeks, at which time about 75 per cent of positive cultures may 
be expected to be .still sensitive. 


SUMMARY 

1. Cultures of tubercle bacilli recently isolated from 47 patients before treat- 
ment with streptomycin were uniformly sensitive to 1.0 mcm. per cc. or less of 
the drag. 

2. Tubercle bacilli resistant to the action of 10 mcm. of streptomycin per cc. 
or more were found commonly in patients under streptomycin therapy. 

3. A drag-resistant culture was isolated as early as twenty-nine days after 
therapy was begun. 

4. The longer treatment was continued, the greater the percentage of pa- 
tients yielding drug-resistant cultures. 

5. Out of a total of 47 patients studied intensively, the percentage of those 
yielding positive cultures whose organisms were resistant to streptomycin was: 
4.5 per cent after four weeks of therapy, 12.5 per cent after six weeks, 23 per cent 
after eight weelcs, and 37 per cent after twelve weeks. 

6. An estimate of the relative number of drug-resistant organisms in a culture 
may be made by noting the lag period before growth appears in the tubes con- 
taining streptomycin. The duration of the lag period is inversely proportional 
to the percentage of resistant organisms. 

7. In general, streptomycin resistance is a relatively long-lasting characteristic 
of tubercle bacilli, both in vitro and in vivo. The serial cultures from two pa- 
tients, however, reverted from drag-resistant to drag-sensitive. 
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StJMAMO 

Bacilos Tuhercidosos Farmacorrcsislen.tes en Enfermos bajo Traiamienio con la 

Eslreftomidna 

1. Los cultivos de bacilos tuberculoses reciln aislados de 47 enfermos antes 
de recibir la estreptomicinoterapia mostraronse invariablemente sensibles a 1.0 
mcm. 0 por cc. de la droga. 

2. En los enfermos en -^das de tratamiento con la estreptomicina encontraronse 
comdnmente bacilos tuberculoses resistentes a la accidn de 10 mcm. o mds de 
estreptomicina por cc. 

3. Ya a los 29 dias de iniciar el tratamiento se aisl6 un cultivo farmaco- 
rresistente. 

4. Mientras mds dur6 el tratamiento, masw fu4 el porcentaje de enfermos en 
que se ballaron cultivos farmacorresistentes. 

5. Del total de 47 enfermos estudiados a fondo, el porcentaje que mostro mi- 
crobios estreptomicinorresistentes entre los de cultivos positives fu4: 4.5 al cabo 
de cuatro semanas de terapdutica, 12.5 al cabo de seis semanas, 23 al cabo de ocho 
semanas, y 37 al cabo de doce semanas. 

6. Puede calcularse el mimero relative de microbios farmacorresistentes en un 
cultivo obsen’^ando el perlodo de retardo antes de que aparezean colonias en los 
tubos que contienen estreptomicina. La duracidn del perlodo de retardo se halla 
en razdn inversa al porcentaje de microbios resistentes. 

7. En general, la estreptomicinorresistencia es una caracterlstica relativamente 
duradera de los bacilos tuberculosos, tanto in vitro como in vivo. Sin embargo, 
los cultivos seriados de dos enfermos viraron de farmacorresistentes a farmaco- 
sensibles. 
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STREPTOMYCIN RESISTANT TUBERCLE BACILLI 
Incidence in Patients Treated with Streptomycin 
SIDNEY BERNSTEIN, 1 NICHOLAS D. D’ESOPO= and WILLLAAI STEENKEN, JR.’ 

INTRODUCTION 

Streptomycin resistant tubercle bacilli^ have been encountered frequently 
by the many investigators (1, 2, 3, 4, 5) who have studied the tuberculostatic 
actmty of streptomj'cin. Such tubercle bacilli, haiung the capacity for growth 
in high concentrations of streptomycin, have been demonstrated in vitro by 
serial subculture in media containing increasing concentrations of streptom 3 ’'cin; 
and they have also been identified in the cultures of the exudates of patients 
who have been treated with streptomycin. Whatever the mechanism of the 
development of resistant tubercle bacilli may be, these resistant forms have 
become increasingly important in the treatment of tuberculosis with strepto- 
mycin, a chronic disease which ideally requires an extended period of suppressive 
antimicrobial therap 5 \ Observations thus far have suggested that tubercle 
bacilli resistant to streptom 3 "cin in vitro are also resistant to streptom 3 ’'cm in vivo. 
Thus, experimental animals inoculated vith tubercle bacilli resistant to strepto- 
m 3 ’-cin in vitro have failed to respond to treatment with streptom 3 ’^cin (6, 7, 8). 
There is also eiddence (1, 5) that patients whose organisms have become resistant 
to streptomycin in vitro may cease to react favorably, or indeed, may have 
exacerbations of disease upon continued administration of streptomycin. In 
addition, patients whose organisms have become resistant to streptomycin during 
a first course of therapy have generalh’ failed to respond favorabl 3 ’^ to a second 
coui-se of streptomycin in the treatment of relapse (5, 9). 

In one of the first extensive clinical studios, Muschenheim, et al. (1), reported 
upon 23 patients with puImonar 3 ’^ tuberculosis, most of whom received 3 grams 
of streptom 3 ^cin daily. Eleven patients continued to discharge bacilli through- 
out the treatment period of seventy-five to one Inmdred and twenty day's. Organ- 
isms from 10 of the 11 patients were not inhibited in vitro by 500 or more 
racm. of streptom 3 ’cin per ml. of medium. Steenken (13), and D’Esopo and 

’ Clinical Laboratory, Veterans Adrainistration Hospital, Sunmount, New York. 

’ Medical Ser\ncc, Veterans Administration Hospital, Sunmount, New York. 

’ Trudeau Laboratory, Trude.'iu Sanatorium, Trudeau, New York. 

* In this study, the term “streptomycin-resistant tubercle bacilli” refers to organisms 
whose growth is not inhibited by 10 or more mcm. of strcptomj’cin per ml. of Tween-al- 
bumin medium. Conversely, the term “streptomycin-sensitive tubercle bacilli” refers to 
organisms whose growth is inhibited by 10 or less mcm. of streptomycin per ml. The selec- 
tion of 10 mcm. of streptomycin per ml. is not entirely arbitrarj’. Concentrations of this 
order arc maintained in the blood with the dosage used in this study, c.g., 1.0 gram of strep- 
tomycin daily in 5 or 6 equally divided doses. More particularly, patients in relapse have 
responded poorly to retreatment with 1.0 gram of streptomycin daily when organisms were 
resistant to this concentration of streptomycin in vitro. Similar results have been observed 
in guinea pigs infected with tubercle bacilli resistant to 10 mcm. of streptomycin per ml. 
.and treated with comparable dosages. 
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Stcinliaus (5) studied a group of 25 patients treated Bdth l.S grams of strepto- 
m 5 xin daily for one hundred and twentj' days. Eighteen patients continued to 
discharge bacilli throughout the treatment period. Organisms from 11 of the 
IS patients (G1 per cent) were not inhibited by 10 or more mcm. of streptomycin 
per ml. of medium. Subsequently, a preliminnrj’- report of a cooperative study 
b}’ the Army, Nav 3 ' and "i^eterans Administration (10), which included the data 
in (5), showed a similar high incidence of strains not inhibited by 10 or more 
mcm. of streptomycin per ml. in patients treated with 1.8 grams of the drug 
dailj'' for one hundred and twenty days. lYom the available data, the patients 
with resistant strains represented 78 per cent of the patients who discharged 
bacilli tlrroughout the treatment period of one hundred and twenty days. 

More recentljq dosage regimens of less than 2 grams daity have been under- 
going a clinical trial in the treatment of tuberculosis. In addition to variations 
in therapeutic efficacy and the incidence and severity of toxic manifestations, 
the incidence and rate of appearance of streptomycin resistant tubercle bacilli 
in patients treated nath these smaller dosages are of considerable interest. It 
is the purpose of tliis commimication to report upon the in vitro sensitivity of 
tubercle bacilli isolated periodically from a group of 45 patients who were treated 
nuth 1 .0 gram of streptomycin daily for one hundred and twenty days. The total 
dailj' dose was diruded into five or .six equal parts and administered intramus- 
cularly. 


JILATERUE AND METHODS 

Tlie majority of patients in the study were treated for progressive pulmonary lesions, 
but those patients treated for e.vtra-thoracic tuberculous lesions had a pulmonary com- 
ponent, and tubercle bacilli were present in the pulmonary secretions of all patients in 
the study. The extent of the pulmonary lesions, by National Tuberculosis Association 
standards, was as follows: far advanced, 34; moderately advanced, 11; minimal, 0. 

Tlie selection of the 45 cases in the study was made according to the uniform protocol 
recommended by the Joint Streptomj’cin Committee, composed of Veterans Administra- 
tion, Army and Na^v^ Study Units established in May 1946 (10). 

Tubercle bacilli were isolated from all patients before streptomycin therap 3 ’- was begun. 
During the course of treatment, an attempt was made to isolate tubercle bacilli from the 
sputum or gastric lavage of each patient every two weeks. In the later stages of the 
study, weekly cultures were obtained from the fourth through the twelfth weeks of 
therapy. 

Primary isolation of the tubercle bacillus was made on modified Hohn’s glycerinated 
egg media from 72-hour sputum concentrates or fasting gastric contents. Concentrates 
were prepared by digestmg with 3 per cent NaOH plus vigorous shaking and incubation 
at 37.5 degrees C. for one hour. After centrifugation, the sediment was neutralized with 
N/1 HCl and seeded on four tubes of media. 

Wolinsky and Steenken (11) reported on the usefulness of the Tweeny-albumin medium 
described by Dubos and Davis (12) in studying both the development of in vivo and 
in vitro resistance of the tubercle bacillus to streptomycin. The formula of the Tween- 

y Acknowledgment is made to the Atlas Powder Company, Wilmington, Delaware, for 
supplying this laboratory with the special lot of Tween 80 found suitable for use in Dubos' 
media. 
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albumin medium used in this stud}-- tos essentiall 3 '- that described bj' the latter investiga- 
tors. However, the concentration of the borine albumin fraction was increased from 0.2 
per cent to 0.5 per cent; and the concentration of Tween SO was reduced from 0.05 per cent 
to 0.02 per cent. 

Test tubes 20 mm. in diameter x 150 mm . in length, capped by Aloe-Willet caps of 
aluminum, were used. These permitted adequate gaseous e.vchange nith minimum danger 
of contamination. 

Each lot of streptomycin used for the preparation of tlie resistance studj’’ media was 
checked against a streptoraj-cin control standard obtained from the Food and Drug 
Administration. 

Tn’een-albumin media containing various concentrations of streptomj’cin were made 
up in large quantities, and tubed in 5 ml. amounts as needed. 

Grondh obtained from the original isolation medium nas removed nith a rigid platinum 
wire and transferred to the Tween-albumin medium, special attention being paid to tritu- 
rating the inoculum on one side of the tube in order to produce an even suspension. 


TABLE 1 

Streptomycin sensitivity 


STAST OF THEEAfV JUNE 5, 1947 


PAVS CSOnTH IN TIVXEN-Al.BIJ>nN ICEDinU 


Case 22 

Cone. Strep. 

4 

s 

12 

u 

Gastric culture, date of 

mcm.lmU 

0.0 

2+ 

3+ 


4-f 

isolation August 3, 1947 

0.5 

1+ 

2+ 

4+ 

4+ 


1.0 

+ 

1+ 

2-h 

4-1- 


2.5 

0 

+ 

1+ 

2-1- 


5.0 

0 

0 

0 

0 


10.0 

0 

0 

0 

0 


15.0 

0 

0 

0 

0 


Results: Culture resistant to 2.5 mcm, per ml.; sensitive to 5.0 mem. per ml. 


After incubation at 37.5 degrees C. for three daj’s, the cultures in Tween -albumm media 
were e.vamined for ei'idence of contamination. Diffuse growth of the inoculated micro- 
organisms was usuall)' noted in tlnee to five days. If, occasional!}’, the first generation 
growth was predominant!}’ granular, a second transfer of 0.1 ml. was made to a fresh tube 
of medium. 

Seven to fen da}’S were normally required to obtain hca\’}’ diffuse growth of tubercle 
bacilli. 0.1 ml. of the homogeneous growth iras then inoculated info 5 ml. of Tween- 
albumin medium containing V3r}’ing concentrations of streptomycin. 

The inoculated tubes were incubated at 37.5 degrees C. and raidings were made on the 
fourth, eighth, twelfth and fourteenth da}’s. The tubes were shaken, and the observed 
turbidity was assigned a toIuc from zero to four plus. Tlie tubes containing no strepto- 
mycin usually showed definite gi-on-fh in four days (one to two plus), while sensitive strains 
showed no growth when incubated for fourteen dai-s. 

The sensitivity of a culture was expressed as the lowest concentration of streptomycin 
which prevented growth for fourteen day’s. Occasionally cultures were kept longer when 
the fourteen-day incubation period did not give a clanr endpoint. All reports on strepto- 
mvein sensifii-ity were e.vprcsscd by two i-alucs, the first denoting the highest concentra- 
tion of streptomycin which permitted growth, the second denoting the lowest concentra- 
tion which inhibited growth. 
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III table 1 may be Foen a roprcFcntativc record of a tyjiical titration of a gastric or 
sputum culture. Tlie rc.sult.s rccoriicd represent a culture of gastric contents growing in 
2.0 mem. jier ml. of streptomycin and inhibited by 5.0 mem, jier ml. 

Tlie .sensitivity of this method for detecting resistant organisms in a mixed bacterial 
population was described by Wolinsky, Reginster and Steenken (2) in their work on 
artiticLal mixtures of streptomycin sensitive and resistant 1137 Rv microorganisms. They 
demonstrated tliat a conccntnition of approximately 0.10 jicr cent of organisms resistant 
to 1,000 mem. per ml. of streptomycin is nccessiiry before definite growth of a minimal 
inoculum will be obtained in Twecn-nlbumin media containing 1,000 mem. per ml. of 
streptomycin when incubated for fourteen daj-s. Tliis study was repeated with organisms 
isolated from patients, and e.ssenti.nlly the same results were obtained: growth of the 
artificial mixture uns obtained wlien the inoculum contained 0.05 per cent of resistant 
organisms. 


nUSULTS 

Incidence of Streptomycin Resistant Tubercle Bacilli: From the first 24 of this 
group of 45 patients, sputum and/or gastric aspirations were cultured approxi- 
mately everj' t'^'o weeks. From the last 21 patients, weekly cultures were 
obtained between the fourth and twelfth wcelcs of therapj" as it seemed likely 
that tills was the inten*al during which streptomj'cin resistant tubercle bacilli 
would be demonstrated for the first time with the greatest frequency. The re- 
sults of in vitro sensitivity tests arc recorded in table 2. It will be noted that 
tubercle bacilli from all 45 patients were inhibited by one mem. or less of strepto- 
mycin per ml. of medium before therapj' was begun. At the completion of the 
one hundred and twent}' days of treatment, tubercle bacilli could be recovered 
from the sjiutum or gastric contents of 31 of the 45 patients (69 per cent). At 
that time, the tubercle bacilli isolated from 26 of the 31 patients required 10 or 
more mcm. of strcptomj'cin per ml. of medium for inhibition of grondih. The 
incidence of strcptomy^cin resistant strains by this method was thus 84 per cent 
in the patients who eontinued to have positive cultures throughout the one hun- 
dred and twenty days of therap}’, and 59 per cent in the total group of patients 
in the study. SLxty-nine per cent of the resistant strains of tubercle bacilli were 
capable of grow*th in 1,000 or more racra. of streptomycin per ml. of medium. 
The tubercle bacilli from 5 patients (cases 4, 9, 16, 22 and 40) remained sensitive 
to streptomycin throughout the one hundred and twenty days of therapy, and 
continued to be sensitive when last tested (average period of eight months after 
cessation of treatment). Of the 45 patients in the study, there xvere 14 patients 
from whom tubercle bacilli could not be recovered at the end of the treatment 
period. Six of the 14 patients had negative sputum and/or gastric cultures at 
the end of the fourth week of treatment; and 9, at the end of the sixth week. 
Sputum and/or gastric cultures of the remaining 5 patients had become negative 
by the tenth w'eelc of therapy. 

Time of Development of Resistant Tubercle Bacilli: In table 3 is recorded the 
range of sensitivity of tubercle bacilli from 45 patients in relation to w^eeks of 
therap3^ In this table it may be seen that the rate of development of resistant 
tubercle bacilli was greatest during the second month of therap3^ While only 3 
per cent of positive cultures were titrated as resistant at the end of the fourth 
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week of therapy, 29 per cent and 53 per cent of positive cultures were resistant 
at the end of the sLvth and eighth weeks of therapy^ respectively. From the end 

TABLE 2 


ScnsitiviOj io streptomycin of tubercle bacilli isolated periodically from patients under 
treatment with 1.0 gram of streptomycin per day for four months 


CASE 

XUM- 

BEE 

BETOEE 

TREAT- 

IIENT 

AITER 4 
TVEEKS 
TREAT- 
iEEXT* 

ATTES 6 
■^^XEKS 
TREATiTEST 

ATTES S 
T\'EEKS 
TRE-^TVENT 

1 

ATTER 10 
WEEKS 

treatment 

ATTES 12 
WXEKS 
TS£AT1£ENT 

ATTES 14 
WEEKS 
TREATICEXT 

ATTES 16 
WEEKS 
TEEATlfENl 

ATTES IS 
WEEKS 
TREATMENT 

1 

o.o-o.s 

Neg. 

Neg. 

Neg. 

Ncg. 

Neg. 

Scg. 

Ncg. 

Ncg. 

2 

O.O-O.B 

s 

s 

15-31 

Over 1,000 

Over 1,000 

Over 1,000 

Over 1,000 

Over 1,000 

3 

0.0-0.5 

Neg. 

Neg. 

Ncg. 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

i 

0.0-0.5 

s 

s 

S 

S 

S 

S 

S 

0.5-1 .0 

5 

0.0-0.5 

— 

Over 1,000 

Over l.OOQ 

Over 1,000 

Over 1,000 

Over 1,000 

Over 1,000 

Over 3,000 

e 

O.O-O.S 

— 

31-02 

31-02 

31-02 

31-02 

31-02 

Over 1,000 

Over 1,000 

7 

0.0-0.5 

s 

s 

S 

Ncg. 

Ncg. 

Ncg. 

Ncg. 

Neg. 

S 

O.O-O.S 

s 

s 

S 

S 

S 

s 

S.O-IO.O 

5.0-10.0 

9 

O.O-O.S 

s 

.s 

s 

S 

S 

s 

S 

1. 0-2.5 

10 

O.O-O.S 

s 

s 

s 

— 

62-125 

31-62 

C2-I2S 

02-125 

11 

O.Orii.S 

s 

s 

s 

S 

S 

Ncg. 

Ncg. 

Neg. 

12 

O.O-O.S 

s 

5.0-10.0 

31-62 

31-62 

31-02 

02-125 

125-250 

125-2.'S0 

13 

O.O-O.S 

s 

s 

S 

S 

S 

S 

S 

Over 1,000 

14 

O.O-O.S 

5.0-10.0 

5.0-10.0 

10-15 

31-02 

31-02 

31-02 

31-02 

31-02 ' 

15 

O.O-O.S 

Nog. 

Neg. 

Neg. 

Neg, 

Neg. 

Ncg. 

Neg. 

Neg. 

IG 

O.O-O.S 

s 

s 

S 

S 

S 

S 

S 

1.0-2.5 

17 

O.O-O.S 

s 

Neg. 

Neg. 

Neg. 

Over 1,000 

Over 1,000 

Over 1,000 

Over 1,000 

IS 

O.O-O.S 

s 

Neg. 

Ncg. 

Neg. 

Ncg. 

Neg. 

Ncg. 

Ncg. 

19 

O.O-O.S 

s 

— 

Over 1,000 

Over 1,000 

Over 1,000 

Over 1,000 

Over 1,000 

Over 1,000 

20 

O.O-O.S 

s 

s 

S 

62-125 

02-125 

02-125 

02-125 

C2-I2S 

21 

O.O-O.S 

s 

s 

S 

S 

2SO-SOO 

250-500 

250-500 

£50-500 

22 

O.O-O.S 

s 

s 

S 

S 

S 

S 

S 

2.5-5.0 

23 

O.O-O.S 

s 

Neg. 

Ncg. 

Neg. 

Ncg. 

Neg. 

Ncg. 

Nog- 

24 

O.O-O.S 

s 

10-15 

10-15 

10-15 

Over 1,000 

Over 1,000 

Over 1,000 

Over 1,000 

23 

O.O-O.S 

s 

s 

S 

S 

Ncg. 

Neg. 

Neg. 

Neg. 

2G 

O.O-O.S 

s 

s 

Ncg. 

Neg. 

Ncg. 

Neg. 

Neg. 

Ncg. 

27 

O.O-O.S 

s 

s 

S 

Neg. 

Neg. 

Neg. 

Neg. 

Over 3,000 

2S 

O.O-O.S 

s 

s 

15-31 

15-31 

15-31 

Over 1,000 

Over 1,000 

Over 1,000 

29 

O.Oril.S 

Neg. 

Neg, 

Neg. 

Neg. 

Ncg. 

Neg. 

Ncg. 

Neg. 

SO 

O.O-O.S 

s 

s 

Over 1,000 

Over 3,000 

Over 1,000 

Over 3,000 

Over 1,000 

Over 1,000 

31 

O.O-O.S 

s 

s 

S 

Neg. 

Ndr. 

Net:. 

Neg. 

Neg. 

32 

O.O-O.S 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Ncg. 

Neg. 

S3 

O.O-O.S 

s 

s 

S 

15-31 

15-31 

15-31 

Over 1,000 

Over 1,000 

31 

O.O-O.S 

s 

s 

Over 1,000 

Over 1,000 

Over 1,000 

Over 1,000 

Over 1,000 

Over 1,000 

35 

O.O-O.S 

s 

s 

Over 1,000 

0\’cr 1,000 

Over 1,000 

Over 1,000 

Over 1,000 

Over 1,000 

30 

O.O-O.S 

s 

15-31 

Over 1,000 

Over 1,000 

Over 1,000 

Over 1,000 

Over 1,000 

Over 1,000 

37 

O.O-O.S 

s 

s 

10-15 

Over 1,000 

Over 1,000 

Over 3,000 

Over 3,000 

Over 1,000 

33 

0.5-1.0 

Neg. 

Neg. 

Neg, 

Neg. 

Ncg. 

Ncg. 

Neg. 

Neg. 

39 

0.5-1 .0 

s 

s 

Ncg. 

Nc^. 

Neg. 

Neg. 

Nc^. 

Ncg. 

40 

O.O-O.S 

s 

s 

S 

S 

S 

s 

s 

1 .0-2.5 

41 

O.O-O.S 

s 

s 

Over 1,000 

Over 1,000 j 

Over 1,000 

Over 1,000 

Over 3,000 

Over 1,000 

42 

O.O-O.S 

s 

Over 1,000 

Over 1,000 

Over 1,000 1 

Over 1,000 

Over I.COO ! 

Over 1,000 

Over 1.000 


O.O-O.S 

s 

5.0-10.0 

10-15 

10-15 

10-15 1 

15-31 1 

15-31 

31-02 

44 

O.O-O.S 

8 

5,0-10.0 

15-31 

15-31 

15-31 1 

15-31 1 

31-02 


45 

0.5-1.0 

s 

31-02 

31-02 

31-02 

t 

31-02 

Over 1,000 : 

Over 1,000 

Over 1,000 


S Denotes n sensitive etraia which is inhibited by 5.0 mem. per ml. streptomycin or less. 
— Denotes failure to obtain a specimen durinK the spiociCed timeinten-al. 

• All strains prior to this period were inhibited by I.O mc-m. iwr ml. of streptomycin or le*?. 


of the tenth week of therapy to the end of the eighteenth week, the incidence of 
resist. ant cultures increased at an appreciably slower rate. A.s the percent. age of 
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resistant cultures increased throughout the treatment period, the range in resist- 
ance to strcptomj’^cin also increased; so that at the end of treatment, tubercle ba- 
cilli of 18 of the 26 resistant cultures iverc capable of gro\vi;h in 1,000 or more mcm. 
of streptomycin per ml. of medium. The tubercle bacilli from two patients (cases 
13 and 27) became resistant for the first time during the last week of therapy. 
Sputum and gastric cultures from one of these patients (case 27) were negative 
after ten weeks of treatment, and remained negative until the final day of treat- 
ment, Avhen a positive gastric culture was obtained. Organisms from this culture 
grew readily in over 1,000 mcm. per ml. of streptomycin. Resistant tubercle 
bacilli were subsequently recovered after completion of treatment. 


TABLE 3 


liangc of sensitivity to streptomycin of tubercle bacilli isolated from patients under 
treatment with 1.0 gram of streptomycin per day for four months (120 days) 


MCM. OF 
STRETTOMY- 
FEE ML. 

FiEORE 

TRF.AT- 

MEST 

AFTER 2 
^\EEKS 
TREAT- 
MENT 

AFTER 4 
^XEKS 
TREAT- 
MENT 

AFTER 6 
\\*EEKS 
TREAT- 
MENT 

AriES 8 
WEEKS 
TBEAT- 
UENT 

AETER 10 
WEEKS 
IEE.\T- 
UENT 

AFTER 12 
WEEKS 
TREAT- 
MENT 

AFTER 14 
WEEKS 
TREAT- 
MENT 

AFTER 16 
WEEKS 
TREAT- 
MENT 

after 18 
WEEKS 
TREAT- 
MENT 

NECESSARY 
TO rSHlUtT 
CSO^TH 

o 

.o 

E 

p 

z 

Per 

cent 

of 

pos. 

coU. 

L. 

V 

.o 

E 

s 

z 

Per 

cent 

of 

pos. 

cult. 

kt 

£ 

s 

Per 

cent 

of 

pos. 

cult. 

.a 

E 

'Z 

Per 

cent 

of 

pos. 

cult. 

z 

Per 

cent 

of 

pos. 

cull. 

£ 

Per 

cent 

of 

pos. 

cult. 

k. 

o 

a 

s 

Per 

cent 

of 

pos. 

cuU, 

.a 

E 

Per 

cent 

of 

pos. 

cult. 

tj 

t 

Per 

cent 

of 

P03. 

cult. 

V 

1 

Per 

cent 

of 

pos. 

cult. 

0.5 or Icfa 

i2 

Of 

42 

04 

23 

02 

B 

21 

5 

m 

2 

7 

2 

0.5 

1 

3.5 

1 

H 

0 

0 

0.0 1o 1.0 

3 

0 

2 

4 

8 

22 

B 

17.5 

6 

ItR! 

3 

tm 

2 

C.6 

1 

3.6 

1 

3.6 

1 

3 

3.0 loS.O 

0 

0 

B 

2 

5 

13.6 

Is 

32 

0 

17.5 

6 

16.5 

4 

13 

5 

10.5 

6 

16.6 

n 

13 

10 Jo 31 

0 

0 

D 

0 

1 

2.5 

0 

Erl 

7 

21.0 

5 

10.6 

4 

13 

3 

Mm 

2 

7 

II 

3 

02 to 120 

0 

0 

El 

0 

0 

n 

2 

D 

3 

0 

6 


0 

19 

6 

10.5 

4 

13 

5 

16 

250 to 500 

0 

0 

El 

0 

0 

El 


El 

0 

0 


0 

1 

3 

1 

3.6 

2 

7 

0 

7 

Over 1,000 

0 

0 

i 

0 

0 

El 

2 

M 

8 

23.6 

Bi 

33.6 

12 

39 

14 

46.5 

10 

53 

18 

58 

Tot. 1.0 or 

ItCPS 

<5 

100 

42 

04 

31 

84 

13 

38 

10 

29 

5 

10.5 

4 

13 

2 

7 

1 

3.5 

1 

3 

Tot. 6.0 or 
Ies« 

<5 

100 

45 

100 

30 

^1 

24 

71 

16 

47 

10 

33 

8 

25 

7 

23 

G 

20 

5 

16 

Tot. 10.0 
or more. 

0 

100 

0 

0 

1 

2.5 

m 

29 

18 

03 

20 

67 

23 

74 

23 

77 

24 

SO 

20 

84 

Total 

<5 


45 


37 


34 


34 




31 




IQ 


31 



The rapid increase in the incidence of streptomycin resistant tubercle bacilli 
during the fifth to the eighth week of therap}’’ is the most significant of the re- 
sults presented in this table. It will also be noted (table 3) that in the case of 
approximately one-third of those patients whose tubercle bacilli became resis- 
tant, there was but a two week interval between a culture that was inhibited by 
10 or less mcm. of streptomycin per ml. of medium, and a subsequent culture 
that showed growth in over 1,000 mcm. of streptomycin per ml. of medium. The 
cultures from other patients gained this range of resistance to streptomycin at a 
somewhat slower rate, or remained in an intermediate range, as shown by growth 
in 31 mcm. of streptomycin per ml. of medium, and inhibition of growth in 62 
mcm. of the drug per ml. of medium. In one patient (case 41) three sputum 
specimens xvere inadvertently cultured during a single w^eek of the treatment 
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period. The tubercle bacilli obtained from a culture inoculated on the fifty- 
fourth day of treatment were inhibited by less than 2.5 mcm. per ml. of strepto- 
m 3 ’-cm, but the organisms obtained two dajE later, on the fifty-sixth day of treat- 
ment, gi-ew in over 15.0 mcm. per ml., but were inhibited bj"- 30.0 mcm. per mb 
of the drug. Tubercle bacilli from a culture obtained five daj’s later (sixtj’-first 
daj’- of treatment) showed almost a hundred-fold increase in resistance over the 
preAUOUs culture, growing in over 1,000 mcm. per ml. of streptomycin. 

The Persistence of Streptomycin Sensitivity and Resistance: In Table 4 are re- 
corded preliminaiy obsen-ations upon the persistence of streptomycin resistance 
or sensitivity after the cessation of streptomycin therapy\ It may’- be seen that 
in the group of patients from whom such data are available, there has been no 

TABLE 4 


Persistence of sensitivity or resistance to streptomycin of strains of tubercle bacilli isolated 

from patients after treatment 


CASE NUSCBES 

UCit./UL. STKEPIOiryCD! NECESSASy 
TO INHIEII noiED. AITES COUTIE- 
TJOK OF 120 DAYS TIXATUEKT 

MOt./lO.. STIEn 

Months after treat 

rOXTYCIS ^’ECES&.V’RV TO conBrE 

Mcm./ml. strep. 

2 

Over 1,000 

7 

Over 1,000 

4 

0.5-1 .0 

4 

1. 0-2.5 

8 

5.0-10.0 

3 

5.0-10.0 

9 

1. 0-2.5 

6 

l.(h2.5 

10 ! 

125-250 

4 

125-250 

16 

1.0-2. 5 

5 

1.0-2. 5 

i 

Over 1,000 

7 

Over 1,000 

19 

Over 1,000 

1* 

Over 1,000 

21 

250-500 

G 

250-500 

22 

2. 5-5.0 

4 

2. 5-5.0 

24 

Over 1,000 

1 2* 

Over 1,000 

28 

Over 1,000 

4 

Over 1 ,000 

30 

Over 1,000 

4 

Over 1,000 

33 

Over 1,000 

5 

Over 1,000 

3C 

Over 1,000 

1* 

Over 1 ,000 


• Represents cultures obtained from material at autopsy. 


change in the sensitivity' of those organisms obtained at the end of the one hun- 
dred and twenty days of therapy' and those most recently isolated at an average 
interval of five months after completion of therapy. Cases 19, 24 and 30 repre- 
sent cultures obtained from autopsy' specimens. Autopsy' material obtained 
from case 24 included 7 specimens from separate sections of right and left lungs, 
and one specimen from empyema fluid. All these cultures grew in over 1,000 
mcm. per ml. of streptomycin. 


CO.MMENT 

The significance of the data herein reported depends entirely upon the validity 
of the test used to demonstrate streptomycin resistant tubercle bacilli. As 
previously mentioned, an extremely small proportion of rc.sistant tubercle bacilli 
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is sufficient to permit growth of artificial mixtures in the presence of streptomy- 
cin. If a correspondingly small proportion of resistant tubercle bacilli were pre- 
sent in a lesion under streptomj'^cin therapy, it could not be assumed that strepto- 
m3'’cin would be totally ineffective. In the final analysis, then, the clinical signifi- 
cance of sensiti-^dty tests by this method depends upon their coirelation with the 
clinical course of individual patients under therapy. Preliminary studies do, 
indeed, suggest that such correlations exist in a significant proportion of pa- 
tients (5, 9). 

The present data suggest that the incidence of streptomycin resistant tubercle 
bacilli in patients treated with one gram of streptomycin daily does not differ 
significantly from that previously noted in the patients treated with larger dos- 
ages, namely, two and three grams daily for one hundred and twenty days. The 
similarity is further emphasized by the fact that the greatest rate of appearance 
of resistant tubercle bacilli occurred during the second month of therapy in pa- 
tients treated with 1.0 and 1.8 grams of streptomycin daily. 

SOMMAHT 

1. Forty-five patients with pulmonary tuberculosis were treated with 1.0 
gram of streptomycin daily, divided in five or six equal doses, for a period of one 
hundred and twenty days. 

2. Tubercle bacilli isolated prior to therapy from all 45 patients were sensitive 
to 1.0 mcm. or less of streptomycin per ml. of medium. 

3. After one hundred and twenty days of streptomycin' treatment, tubercle 
bacilli were recovered from the sputum or gastric contents of 31 of the 45 pa- 
tients (69 per cent). 

4. Tubercle bacilli resistant to 10 or more mcm. of streptomycin per ml. were 
recovered from 26 of the 31 patients (84 per cent). Eighteen strains were cap- 
able of growth in over 1,000 mcm. of streptomycin per ml. of media. 

5. The rate of development of streptomycin resistant tubercle bacilli was 
greatest during the second month of therapy. 

SOJIAKIO 

Bacilos Tuherculosos Estrepiomicinorresislentes. Incidenda en los Enfermos 

Tratados con Estreptomicina 

1. Cuarenta y cinco tuberculoses pulmonares fueron tratados, por espacio de 
120 dias, con 1.0 gramo diario de estreptomicina, fraccionado en cinco o seis dosis 
iguales. 

2. Los bacilos tuberculoses aislados de los 45 enfermos antes del tratamiento 
eran sensibles a 1.0 mcm. o menos de estreptomicina por cc. de medio. 

3. A1 cabo de 120 dlas de estreptomicinoterapia, se aislaron bacilos tubercu- 
loses del esputo o contenido gastrico de 31 (69 por ciento) de los 45 enfermos. 

4. De 26 (84 por ciento) de los 31 enfermos se obtuvieron bacilos tuberculoses 
resistentes a 10 mcm. o mas de estreptomicina por cc. Dieciocho cepas mostraron 
capacidad para el desarrollo en m4s de 1000 mcm. de estreptomicina por cc. de 
medio. 
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5. La aparici6n de bacilos tuberculoses estreptomicinorresistentes alcanzd su 
maximo durante el segundo mes de la terapdutica. 
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STREPTOMYCIN IN EXPERIMENTAL TUBERCULOSIS'--’-^-^ 

11. Response In Guinea Plfrs Infected xrlth Strains of Vniylnn Degrees of 
Streptomycin Resistance 

W]!JJ.\M STKLXKKX, .TK. a.S'o EMANUEL WOLLNSKY 

Mnny workon; (1, 2, 3, -5, 5) have dcnionst rated that, guinea pigs and mice in- 
fected with vinilcnt, human type tubercle bacilli which are sensitive to the ac- 
tion of streptomycin fn vslro rc.spond rcmnrkabkv well to treatment with adequate 
doses of thi.s drag. In contrast, Y’ou mans (6) hn.s shown that mice infected witli 
tubercle b.ncilli resi.sfant to the drug do not rc.spond to treatment with streptomy- 
cin. Feldman ct al. (7) have confimicd this finding in guinea pigs. 

It is the purpose of this report to present the rc.sults of streptomycin therapy in 
guinea pigs infected with; (/) highly streptomycin-resistant human type tubercle 
b.ncilli introducwl subcutancou.s!y and by inhalation; (2) tubercle bacilli of vary- 
ing degrees of drug-resistance; (5) artificial mi.vturc.s of drug-sensitive and dnig- 
rcsi.'tanf 1137 Rv tubercle bacilli. 

rxrKnrMKNT.\n onsERV.\Tioxs 
Highly Resistant Tubercle Bacilli 

Malrriah arid ^^ctho(!s■. Tlic cultures used were as follows: 

J, Tlic 1137 Rv strain of niicroorgnni.-^ms, .soisiiivc to O.-l mem. of streptomycin per 
cc. of mwlium.* 

2. The 1137 Rv strain made rcsi.«tant to at least 1 ,000 mem. of .strciitomycin per cc. of 
medium. Tlii.s culture was made resistant by growing the organisms in gradually increased 
conreiitrations of streptomycin in Tween-albumin liquid medium of Dubos (9). 

3. f?trectman {Scptcmlicr 13, 191G). Tliis culture was obtained from the sputum of a 
patient treateri with .streptomycin for pulmonarj' tuberculosis at the Veterans Hospital, 
Sunmount, New York. Tliis patient’s tubercle bacilli were sensitive to 0.5 mem. of 
streptomycin per cc. before treatment was st.artcd. On September 13, after one month 
of treatment, the bacilli proved to be rcsi.sfant to 1,000 mem. per cc., growth appearing in 
the 1,000 mem. tube on tlie fourteenth day. 

' From the Tnidc.aii Laboratory of The Trudc.aii Foundation for The Clinical .and Ex- 
perimental Study of Pulmonary Disc.ase, Trudeau, New York. 

' This study is part of the Sircptomycin Tuberculosis Research Project of the American 
Trudc.au Society, Medical Section, Nalion.al Tuberculosis .(Vssociation. The drug was gen- 
erously donated to the Society by Abbott Laboratorie.s, Eli Lilly and Corapanj-, Merck and 
Company, Inc., Charles Pfizer and Comirany, Inc., E. R. Squibb and Sons, and Tlie Upjohn 
Company. 

’ This study was aided by grants from the Division of Research Grants and Fellowsliips 
of the National Institute of Health, U. S. Public Health Service. 

< Parts of this p.apcr were presented at the Tliird and the Fourth Streptomycin Con- 
ferences of the Veterans Administration, St. Louis, May and October, 1947. 

® Parts of this paper were presented at the Forty-eighth General Meeting of the Societj- 
of American Bacteriologists, Minneapolis, May 1918. 

‘ Streptomycin sensitivities of tubercle bacilli referred to in this paper were determined 
by the method previously described (8), using fourteen-day observations in Tween-albumin 
liquid medium at pH 7.0. 
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The cultures were carried for several generations in Tween-albumin liquid medium, and 
the animals were infected with a diffuse, five- to eight-day growth m this medium. 

Subcutaneous Injection: The culture was adjusted to a turbidity reading of 25 in the 
Klett-Summerson photoelectric colorimeter, using the green filter, by diluting with 
Tween-albumin medium. Each pig was inoculated with 0.2 cc. of this culture, or approxi- 
mately 0.02 mg. dr}' weight, subcutaneously m the right inguinal region. 

The animals were infected, grouped and treated as follows: 

Group 1 . Infected with H37 Rv sensitive to streptomj'cin ; 

46 pigs: 27 untreated controls and 19 streptomycin-treated; 

Group 2. Infected with H37 Rv resistant to 1,000 mcm. of streptomycin per cc.; 
48 pigs: 28 untreated controls and 20 streptomj'cin-treated; 

Group 3. Infected with Streetman culture, resistant to 1,000 mcm. of streptomycin 
per cc.; 

46 pigs: 26 untreated controls and 20 streptomj'cin-treated. 

The treated animals were started on strcptom 3 ’cin twenty-eight daj-s after infection. 
They were given 18,000 mcm. intramuscularty daily; 4,000 mcm. at 7 :30 A.M., 12:30 and 
5:30 P.M., and 6,000 mcm. at 10 :30 P.M. One hundred daj’s after infection, or seventy- 
two daj’s after treatment was started, all survivors were killed and autopsied. 

Inhalation Infection: Tlie Tween-albumin culture was diluted five times with normal 
saline and filtered through double thickness inintman No. 5 filter paper to give a diffuse 
suspension. This suspension was diluted so that when a standard loopful was smeared 
on a micro-slide over the area of 20 x 20 mm., each oil immersion field would contain about 
five tubercle bacilli. Each pig was subjected to five puffs of this suspension from a De 
Vilbiss atomizer, the animal’s head being enclosed in a small chamber. 

Forty pigs were subjected to inhalation of the H37 Rv organisms resistant to 1 ,000 
mcm. of streptomj'cin per cc. Of these, 4 failed to develop positive skin tests with 5 
per cent Old Tuberculin, and were discarded. Five animals were killed for sampling 
the amount of disease before treatment was started. Tlie remaining 31 pigs were divided 
into two groups, 14 untreated controls, and 17 treated. Tlie treated animals were started 
on streptomj'cin fifty daj'S after infection. Thej' were given 20,000 mcm. per daj' intm- 
muscularlj', in doses of 10,000 mcm. cverj' twelve hours. The survivors were killed and 
autopsied one hundred daj's after infection, fifty daj'S after treatment was skirted. 

licsuUs 

A number of animals from each group were sacrificed just before treatment was 
started to observe the tj'pe and degree of tubereulosis. In each case, widespread 
tuberculosis was found throughout (he animal bodj', wliich indicated (hat a 
generalized, progressive tuberculosis was to be treated. 

The survival curves of the guinea pigs infected with the different cultures are 
presented in figures 1 and 2. It is obvious from tlie curvc.s that the animals 
infected with the H37 Rv sensitive strain responded very well to treatment with 
streptomj'cin, none of the treated animals dying, whereas 77 per cent of the con- 
trol anim.als succumbed from the fortieth to the one lumdredth daj*. In con- 
trast, in the groups infected with .'itreptomj’cin-resistant tubercle bacilli, tho.strcp- 
tomj'cin-t rented animals fared no bettor than the untreated controls. In fart, 
the treated animals began to die sooner and at a more rapid rate than the con- 
trols. This held true both in the .subcut.aneously infected group, and (he group in- 
fected by inluilation. 
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In table 1 are recorded the mortality, the average number of da3^s of life of 
those pigs that died of tuberculosis, and the average degree of tuberculous disease 
at death or when killed at the end of the experiment. It is obvious that the ani- 
mals infected rsith streptomycin-resistant organisms did not receive benefit 
from streptomycin treatment. The mortality was, in general, greater in the 
treated groups than in the controls, and the average days of life tended to be less 
in the treated groups. There was no significant difference in the average de- 
gree of tuberculosis between the treated and the control groups. 

Tubercle Bacilli of Varying Degrees of Drug Resistance 

Early in the study of the frequency and rapidity of the emergence of strepto- 
mj'^cin-resistant tubercle bacilli in patients undergoing drug therapy (10), the 

TABLE 1 


Effect of streptomycin in guinea pigs infected with drug -resistant tubercle bacilli, as contrasted 
to those infected with a drug-sensitive strain 


ixrECTED vnra 

1 

TKIIATilEKT 

JOft'DAY 

MORTAMTY 

AVXRACE PAYS 
OF tIFE OF 
THOSE THAT DIEP 

AVERAGE 
AVOUNT OF TC- 
BEECPWSIS AT 
DEATH OR SACRI- 
FICE* 

H 37 Rv, sensitive, 

Controls (27) 

per cent 

77 

93 

14.3 

subcut. 

Streptomycin (19) 

0 ' 

— 

— 

H 37 Rv, resistant. 

Controls (28) 

■BHI 

84 

15.2 

subcut. 

Streptomycin (20) 

m 

GO 

13.8 

Streetman, resistant, 

Controls (26) 

57 

01 

14.7 

subcut. 

Streptomycin (20) 

80 

60 

12.5 

H 37 Rv, resistant. 

Controls (14) 

29 j 

82 

11.2 

inbalation 

Streptomycin (17) j 

65 j 

76 

12.7 


' Based on maximum of 16 for each animal ; maximum of 4 each for lungs, liver, spleen, 
and lymph nodes, as observed grossly at autopsy. 


question arose as to what degree of resistance a culture must exhibit before being 
classified as a “resistant strain.” The highly resistant strains, which grow in the 
presence of 100 to 1,000 mem. of streptomycin per cc. of medium, and the very 
sensitive strains, which are inhibited by 2.0 or less mcm. per cc., are easily classi- 
fied. It is the group of cultures of intermediate sensitivity, requiring 2.5 to 50 
mcm. per cc. for inhibition in liquid medium, which prove difficult to classify. 

In an attempt to clarify this problem, groups of 10 guinea pigs were infected 
with 21 cultures of intermediate sensitivity, varying from 0.5 to 250 mcm. per cc. 
of medium, which had been isolated from patients under streptomycin therapy. 
This experiment also served as a comparison of the in vilro sensitivity, as ob- 
tained by the particular method in use at this laboratory, with the in vivo sensi- 
tivity in guinea pigs. 
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Five animals in each group were started on streptomycin therapy fourteen to 
thirty days after subcutaneous infection with 0.02 mg. (dry weight) of micro- 
organisms, each pig receiving 10,000 mcm. of the drug intramuscularly every 
twelve hours. All survi-ving animals were sacrificed ninety days after infection. 
At autopsj’-, cultures were made from the tissues of several treated and control 
animals in each group, and the tubercle bacilli recovered were tested for strepto- 
mycin sensitivity. 


Results 

In table 2, the treated and control animals in each group are compared as to 
the gross degree of tuberculous disease and the streptomycin sensitivity of the 
recovered strains. The results, in general, indicate that those strains which are 
resistant in vitro to 15 or more mcm. per cc. of medium are also resistant in vivo, 
i.e., guinea pigs infected nfith such strains are not benefited by streptomycin 
treatment. Also, those strains which are sensitive to 2.5 or less mcm. per cc. are 
usually sensitive in vivo. The results, however, reveal many inconsistencies for 
strains of borderline resistance. For example, strain E. L. with an in vitro sen- 
sitmty of 10 mcm. per cc., responded well to therapy, Avhereas others, exhibiting 
approximately the same in vitro sensitivity, responded poorly. Strain W. B. iso- 
lated twenty-three days after therapy was begun, and completely sensitive in 
vitro, responded well in the guinea pigs, but when isolated on the eighty-fourth 
day of treatment, although stUl relatively sensitive in vitro, proved to be almost 
completely resistant in the animals. Strain A. Z. isolated on the forty-second 
day of therapy, and sensitive to between 5 and 10 mcm. per cc., gave as good a 
response in the animals as some completely sensitive cultures. 

It might be suggested that the lack of response to therapy in some groups was 
due to the sunival of the resistant forms at the expense of the sensitive forms in 
the original culture, thereby producing a population of bacilli of greatly increased 
resistance. Examination of the data in the table, reveals, however, that the 
strains recovered from both the treated and the control animals exhibited essen- 
tially the same streptomycin sensitivities as the original infecting cultures. 
Strain A. Z. (isolated on the forty-second day) recovered from the control ani- 
mals was sensitive to 2.5 mcm. per cc.; when cultured from the treated animals, 
it was sensitive to between 10 and 30 mcm. per cc. This was the most significant 
increase in resistance, and yet, the guinea pigs infected with this strain responded 
very well to drug therapy. 

Artificial Mixtures of Sensitive and Resistant Bacilli 

Starting with two H37 Rv cultures, one completely sensitive to streptomycin, 
and the other resistant to at least 1,000 mcm. per cc. of medium, artificial 
mixtures were made in Tween-albumin liquid medium to contain various propor- 
tions of sensitive and resistant forms. Five groups of guinea pigs, each group 
numbering 15 animals, were infected as follows: 

Group 1. 100 per cent streptomycin-sensitive bacilli; 

Group 2. 100 per cent streptomycin-resistant bacilli; 
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TABLE 2 


Streptomycin treatment in guinea pigs infected with SI cuUnres of tubercle bacilli exhibiting 

intermediate drug rcsistarice in vitro 


PATIENT 

H 

u 

s 

H 

< 

g 

H 

P* 

O 

10 

< 

A 

IN TOKO 
STREPTO- 
IIYCIN SEN- 
SITmXYl 

RESULTS OF 
CUE 

Ave. degree 
o! Tubercu- 
losis* 

TREATMENT 01 
st:a pics 

Response of 
treated pigs 

SENSirmXY OP reco\*ered tubercle bacilli 

Control 

Treated 


Treated 

Liquid* 

Solid Medium* 

Liquid 

Solid Medium 

0 

3.5 

15 

200 

0 

3.5 

15 

200 

A. Z. 

21 



1.3 

E.xceiJent 







1 


n 

0 


28 

2.5-5® 

14.1 

2.9 

Good 

1-2.5® 

1+ 

0 

0 

0 

2.5-10 

3 


0 

0 


42 

5-10 


3.8 

Good 

2.5 

3+ 

m 

0 

El 

10-30 

25 

125 

15 

0 

E. C. 

7 

0.5 

13.1 

nr 

Excellent 


3+ 

0 

0 

0 

Cultures negative 


22 

2.5-5 


ioH 

Poor 


15 

2 

0 


10 

3 

1-1- 

0 

0 


22 

2.5-5 


11.2 

Poor 


5 

3 

0 


5-10 

16 

0 

0 

0 

Vi. B. 

23 



2.8 

Good 


6 

9 

0 

0 

Cultures negative 


84 

2.5-5 

14.1 


None 


4+ 

1+ 

0 


5.0 

12 

1 

0 

0 

R. H. 

48 


rglii 

2.3 

Excellent 

Blifl 

3+ 

0 

0 


0.5 

2 

0 

0 

0 

R. G. 

32 

1-2.5 

11.0 

6.3 

Fair 






2.5 

3 

ct^ 

0 

0 

A. r. 

97 

1-2.5 

14.5 

10.0 

Poor 

2.5 

1+ 

0 

0 

0 

2.5 

5 

0 

0 

0 

D. F. 


2.5 

14.5 

6.2 

Fair 

1-2.5 

24“ 

0 

0 


2.5 

3 

ct 

0 

0 

M. K. 

31 

2.5 

13.6 

1.9 

Excellent 


1+ 

m 

0 


Cultures negative 


T. C. 

42 

2.5-5 

15.5 

10.7 

Poor 


1 

0 

0 

0 

10 

25 

7 

0 

0 

G. D. 

37 


14.5 

9.8 

Poor 

2.5-5 

3+ 

1+ 

0 


5.0 

2-f 

i-f 

0 

0 

E. L. 

47 


rMfii 

1.5 

Excellent 


m 

■ 

0 


Cultures negative 


M. P. 

117 

10-15 

14.5 


Poor 

10 

ct 

1+ 

0 

0 

■gn 


1 


0 

E. B. 

45 


14.5 

11.6 

Poor 








1-1- 

aiBI 

0 

N. M. 

68 




None 

30-60 

3+ 

2-1- 

10 

0 

30-125 

3+ 

2-f 

1+ 

0 

L. L. 



HR 

12.5 

Poor 

125-250 

2+ 

2+ 

30 

0 



1-f 

m\ 

0 

J. T. 

B 


bbi 

13.2 

None 

500-1000 

2+ 

2+ 

2-1- 

1 

1000 

3+ 

2-f 

2+1 

0 


^ Lowest concentration of streptomycin inhibiting growth for 14 days in Tween-albumin 
medium. Concentrations used were: 0 (control), 0.5, 1.0, 2.5, 5.0, 10, 15, 30, 60, 125, 250, 
500, and 1,000 mcm. per cc. 

- Based on a maximum of 16 for each animal (4 each for the lungs, liver, spleen and h'mph 
nodes). 

’ Streptomycin was incorporated into the modified Committee Medium (11) in concen- 
trations of 10, 50, and 500 mcm. per cc. After sterilization and inspissation of the solid 
medium, the actual concentrations of available streptomycin by chemical analysis were 
3.5, 15 and 200 mcm. per cc. The animal tissues, after digestion and concentration, were 
planted on a series of these tubes containing streptomycin, as well as two tubes of the 
plain medium. Growth is expressed in terms of one to four plus. If fewer than 50 colonies 
appeared, the actual number of colonies is recorded in the table. An average value for 
the positive cultures in each group is given. 

* Culture contaminated. 

5 Where two values appear, they indicate the range of sensitivities for all the posilive 
cultures obtained from the group of animals. 

6 When two values appear, they indicate the range of results on repeated tests of (he 

same culture. 
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Group 3. 10 per cent resistant, 90 per cent sensitive bacilli; 

Group 4. 1 per cent resistant, 99 per cent sensitive bacilli; 

Group 5. 0.1 per cent resistant, 99.9 per cent sensitive bacilli. 

Each animal was infected with 0.02 mg. (diy weight), or appro.Kimately 
6,000,000 microorganisms. 

Five guinea pigs in each group were left untreated, 5 started on streptomycin 
therapy immediate!}’, and 5 started thirt3’-eight days after infection. The 
dosage used was 10,000 mcm. every twelve hours, injected intramuscularly. All 
survivors were sacrificed one hundred days after infection. 



Fig. 3. Comparison of amount of tuberculosis in guinea pigs infected with artificial 
mixtures of streptomycin-sensitive and streptomycin-resistant tubercle bacilli. 

Results 

The results of therapy are shown in figure 3. The average degree of tuber- 
culosis, as seen grossl}' at autopsy, is indicated by the height of the bar. As there 
was no significant difference between the animals which received immediate 
and delayed treatment, they are grouped together under “treated.” It is 
evident that, as the proportion of resistant organisms decreases below 10 per 
cent, the response to therapy improves. However, even with only 0.1 per cent 
resistant organisms, representing an inoculum of approximate!}’ 6,000 strepto- 
mycin-resistant bacilli and 5,994,000 streptomycin-sensitive bacilli, the animals 
exhibited a significantly greater amount of disease than those infected with 
the 100 per cent sensitive culture. 

niscussioN 

The question of whether in vitro resistance of tubercle bacilli to streptomycin 
is equivalent to in vivo resistance is an extremely important one. Patients 
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treated with streptomycin for tuberculosis often 5 deld tubercle bacilli which 
prove to be resistant to the action of the drug in vitro. Should streptoms’-ein 
be withheld from these patients, or is it possible that they would respond favor- 
ably to further treatment despite the in vitro resistance of their organisms? 
Only further correlation between the clinical course of the patient and sensitivity 
tests will pro^dde the answer. From the experiments reported here, it is e^ddent 
that guinea pigs infected with two highly streptomycin-resistant human tj'pes 
of tubercle bacilli were not benefited by therapy. In fact, under the particular 
conditions of these experiments, the animals seemed to be made worse by strepto- 
mycin treatment. During the first few weeks of therapy, the treated pigs 
looked sicker than the controls, and they began to succumb to their disease 
sooner. 

It would appear from the results of the in vivo sensiti\uty tests that an exact 
definition of a drug-resistant culture cannot be given until further work is done. 
Evidently, there is no sharp line of demai’cation, but a gradual change from 
drug-sensitive to drug-resistant strains. The in vitro test, as it stands today, 
is not adequate, by itself, to distinguish absolutely between drug-sensitive and 
drug-resistant strains of tubercle bacilli in the range of intermediate resistance 
from 2.5 to 30 mcm. of streptomycin per cc. of medium. 

There are other debatable points raised by these results. Why should not 
tubercle bacilli which have already acquired a definite degree of streptomj'cin 
resistance become increasingly more resistant in the body of a guinea pig under- 
going streptomycin therapy? Even the animals that showed no response to 
treatment, and died of their tuberculosis, jdelded organisms of approximately 
the same resistance as the original culture used for infection. This is in contrast 
to patients taking streptomycin, whose tubercle bacilli, once the^'’ start to become 
resistant, usually continue to increase in resistance. 

Is there some substance in the guinea pig bodj' which possesses the ability to 
hold back the process of development of drug resistance, or to prevent the muta- 
tion of resistant forms to more higlily resistant tjqjes? This theory might 
explain the relative difficulty of producing drug-resistant strains of tubercle 
bacilli in the guinea pig as compared with the ease of producing resistant strains 
in patients. 

It is important to emphasize the results obtained in the treatment of animals 
infected vith the two highly resistant strains. There is no doubt that the 
treated animals began to succumb sooner than the controls. This fact was 
obseiwed in three separate experiments, with two different cultures, and vith 
subcutaneous and inhalation infection. The explanation does not lie in an 
increased xurulence of the organisms, nor in the development of streptom 3 'cin 
dependence by the organisms, as it was not possible to demonstrate that either 
phenomenon had occurred. It is possible that there was an alteration in the 
host, which became apparent under the conditions of this experiment, i.c., 
intensive treatment of advanced disease produced by highly drug-resistant 
bacilli. Further studies are being pursued to evaluate this obsenmtion. 
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SU.MMAUY 

1. Guinea pigs infected with two liiglilj' streptomycin-resistant strains of 
iniman tuhercle bacilli were not benefited by streptomycin therapy. 

2. I'ndcr the specific conditions of the reported experiments, the streptomj^cin- 
trentod guinc.a pigs infected with these two cultures began to succumb sooner 
thivn the untreated anim.als. 

3. Comjwrisons bet ween in rilro st replomycin sensit i vity of cultures of tubercle 
bacilli isolated from patients, with in vivo streptomycin sensitivity in guinea 
pigs, reveals good agreement for cultures sensitive to 2.5 or less mcm. per cc., and 
for those rcsi.stant to 15 or more. 

■1. Some cxiltures of borderline resi.stance (sensitive to 5 to 15 mcm. per cc.) 
responded well in vivo, others responded poorly. 

5. Strains of tubercle bacilli recovered from the streptom 3 'cin-treated and 
from the control animals infected with these cultures of intermediate resistance 
e.xhibifed c-ssentiallj* the same dnig sensitivities as the origin.al infecting cultures. 

G. The results of strcptora 5 'cin therapj' in five groups of guinea pigs infected 
OTth artificial mixtures containing various proportions of sensitive and resistant 
1137 R.V microurganism.s, indicate that the response to treatment improves as 
the percentage of resistant organisms decrc.ascs below 10 per cent. 

SU.MAniO 

La Es{rcplo?nichia cn la Tuhcrcitlosis Experimental: II. Uespucsta en los Cohayos 
Infcctados can Cepas Dotadas de Varies Grados dc Rcsislcncia a la Estreplomicina 

1. Los cobaj'os infcctados con dos cepas altamente estreptomicinorresistentes 
de bacilos tubcrculosos humanos no sc beneficiaron con Ja estreptomicinoterapia. 

2. En las condiciones especificas de los experimentos descritos, los cobayos 
infcctados con dichos dos cultivos y tratados con estrcptomicina comenzaron a 
suciunbir antes que los no tratados. 

3. Las comparaciones entre la cstrcptomicinosensibilidad in vitro de los culti- 
vos de bacilos tubcrculosos aislados de enfermos y la estreptomicinosensibilidad 
in vivo en los cobajms revelan buen acuerdo para los cultivos sensibles a 2.5 mcm. 
o menos por cc. y para los sensibles a 15 5 mds. 

4. Algunos cultivos dotados de resistencia fronteriza (sensibles a 5-15 mcm. 
por cc.) respondieron bien, y otros mal, in vivo. 

5. Las cepas tuberculosas obtenidas de los animales tratados con estrepto- 
micina y de los testigos infcctados con los cultivos dotados de resistencia inter- 
media manifestaron esencialmente la misma sensibilidad a la droga que los 
primitivos cultivos infectantes. 

6. El rcsultado de la estreptomicinoterapia en cinco grupos de cobayos infecta- 
dos con mezclas artificiales que contenfan varias proporciones de microbios H37 
Rv. sensibles y resistentes, indica que la respuesta terap6utica mejora a medida 
que el porcentaje de g^rmenes resistentes baja a menos de 10 por ciento. 
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A STimy OF CERTAIN PROBLEMS IN THE USE OF STANDARD 
TUBERCULIN. FRACTIONATION OF PPD, STANDARDIZATION OF 
TUBERCULINS. AND THE QUESTION OF SENSITIZATION'- 

n.onEM'i: n. .<Knu;nT am. };,mma nt^roru 

>S-7Hoi»’fTlnN 

T* » y.-ir- jiyo ;i laryt* lot of n JuU’rnilii) Known Pnriliod IVotcin 

I J. n'v ;;5!\ I-. Pl’D-S. '^a.- ha.- M'rVfKi as ;i slaiuiani siiift* (liat 

ts!}’.', 'I'h:- lot Ici.- IsH n tho s.nirro of }»nit’tic;illy ;tll tiu* PPJ) ttilH>n'i(!in iiscfl 

n tlii- i-ountiA’ it! ni'i'iil voars, I'lvo yr.'.n- iM’fon* that, a less |nir(. hut poi<.ni 
v,;s^ n'.’.oh' riK ‘.vhii'h, uitli sliKhl inrKlila'ations, li;!.-' hciai tisv.<l {.xtf’n- 
sndy By ' on'.f ijivi'.-'.icatory o'L •!, .*»t. 

Whi'o tlic PEP S inarKi'.l a lifridfsl .•idvjinio in tlx* dircrlion of purity, it is 
< v: !> fro'.n physif.vdivsnira! siudif-s that fiirlln’r piiriiication is possildc. 'i'ln' 
fo’i.f.' iiiK d.'.’a will hi*ip aii‘'V.i r souio qttrstjons tliat havi- .anMUi ii» ilic use of 
tlji- tni' rvulin. 'Inty iiaiicafo rharly the po'-'-ihilitio' of ftirtlicr piirifa'alion, 
^^h:<h snay load to tho pr.^hictiftti of .a nion* sjx’ciltc pr<Hiiii-t. 

nt t-i.t( \Tios' or n't) i'i!t:fAii\TniNs 

-\fs* r pn-panitiiin of th** iafft*’ <iii:intily of ptirifnsl tnlKTculin for tiso ;is sland- 
fsrd 1 1 i. it v.a- important t<t Ktmw whothor surli a pn*j)aralion I'onlfl he dujdiraU'd 
it) purity a' w> l! a.- in potrnry. rsjx-mlly sinw it lias hmi found fliflicnll to 
ditpHoato in pot. jiry pn'paration.- nuido By tho old trichlorarctir arid procipila- 
tion mi’lhod 'Jlu' ro.iMin for ihB is that thrro exist in any ntw tnhereiilin a 
nninisT <if dilTenuit proteins with rlifTen’Ht flcKna-s of potency. Moreover, in 
tlx- irichlo.u'.eetic pn pantiions tliere !ir«. .uBo pn-^'iit considendile amount.s of 
other impuritie.-. such as nucleic acid and polysaccliaride, as will he shown later. 
,\li of ihe,*e constituents may vary with dilTenait environmental conditions and 
also with difTcnait stmins of tuhercie Bacilli. 

If conditions an- Kept constant , however, <ir only minor clianp;es are introduced, 
it apjK'ars to he possihle to ohlain products of equal potency hy means of the 
ammonium sulfate precipitation at pH 7.0, as used in preparing the PPD-.S. 
I'or example, *>nc hundre<l ciilltire Bottles of Long’.s im-tlium were jjlanlcd with 
the human slniin. D'J’, and after eight weeks harvested ;ind prepared in exactly 
the ..-ame way as the PPD-.S fl), except for the tise of phenol instead of toluol. 
'I’he product was designated I’PD-Sl. 

’I'lie elect rophorr-lic rliagnims of PPD-Sl atid the PPD-S tire .shown in fignre 1. 
'Die chemical analyses for impurities are shown in tahlc 1, iind also the relative 
potencies, d'lx; results showral praetieally equal purity and very little dilTerence 

* I-'rom tlx; Henry I’ltipp.s IiisliUUe of tlie Uiiivcr.«i(y of IViuisylvanin, Pliiladolpliiii, 
Pennsyivnnin. 

- .Xiiled l.y gnmts from tlx; Comniitlee on Medic.-il Ue.scarcli of llie Xnliixml Tuberculosis 
Association. 
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in potenc5^ in the two preparations when tested in human beings of difTcrent 
sensitivities. It was, therefore, possible to duplicate the product vciy closeh' 




PPD- S 




PPD - 81 


1-^ A > 4 D 1 


Fig. 1. Ammonium sulplmte precipit.ate .it pH 7.0 


TABLE 1 


Rclatirc potencies of purest PPD preparations 






SKIN TEST WITH 0.00002 510. 


SK1.N' TEST WITH 0.005 110. 



NU- 

CLEIC 

POLY- 








preparation 

SAC- 

Num- 

Num- 


Num- 

JCum- 

1 



ACID 

RIDE ' 

1 

ber 

Dimensions of average 

ber 

Dimensions of average 



tested 

posi- 

tive 

reaction 

tested 

posi- 

tive 

reaction 



/>cr 1 
cent 




mm. 





PPD-S 

PPD-Sl (Hu- 


H 

97 

75 

23.1 X 21.1 X 2.4 

23 






3. GO 

97 

1 

75 

23.7 X 22. G X 2.5 

23 







PPD-S 



1 

CG 

49 

37.7 X 34.9 X 2.7 

40 

29 

29.9 X 24. S .X 

2.5 

PPD-49f)09 



(Human) . . . 

1.70 

2.90 

GG 

49 

37.0 X 34.9 X 2.7 

40 

29 

30. G X 25.4 X 

2.5 

PPD-S 



17 

13 

21.2 X 21.2 X 2.3 

0 

4 

11.5 X 11.3 X 

1.5 

PPD-S2 (Bo- 





vine) 

0.25 


17 

13 

37.4 X 32.2 X 2.C 

G 

4 

IG.S X IG.O X 

2.0 

PPD-S 

PPD -S3 


1 

51 

43 

27.7 X 23. G X 2.5 

10 

G 

17.9 X 17.4 X 

2.2 

(-•Vvian) . . . 



51 

42 

17.3 x 13.4 X l.S 

10 

G 

12.4 x 10.9 x 

1.7 


in spite of the fact that the firet preparation involved 3,GG4 culture.'; and the 
second onl}’’ 100. 

Furthermore, as showm in the original description (1) of the jireiianition and 
properties of PPD-S, a pilot lot de.signateil No. -JOGOO, jnejiared in the same way 
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and from the same strain, but on Doi-scl’s instead of Long’s synthetic medium, 
proved to have a similar degree of inirity and cciuiwalent potencj’’ (sec table 1), 
in spite of the fact that a solution of this protein was dark brown as a result of 
the use of glucose in the medium. Three preparations of similar potency and 
]mrity have, therefore, been prepared already, and it seems probable that further 
comparable preparations could be made. 

Prcjiarations were then made in a similar waj' from a bovine strain, No. 523, 
and also from an avian strain, No. C. Potency tests revealed the fact that the 
bovine product, was much moi-e potent, and the avian much less potent than the 
PPD-S (table 1). These results contirmed those found earlier by Seibert and 
Morlcy (G), in which comparison was made on guinea pigs between products 
prepared from these strains by the trichloracetic acid method. Probably the 
type of organism used is of imjiortance, for .Icnscn and Lind (7) found no dif- 
ference between tuberculins from human and bovine type bacilli when these were 
tested on guinea pigs infected respectively with these bacilli, whei'cas the tuber- 
culin from avian bacilli was weaker except when tested in animals infected with 
the homologous strain. Lind and Tolderlund (S) found tuberculin from human 
type bacilli to be four times stronger in human beings infected with human or 
bovine t^^3c bacilli than a bovine type tuberculin made from BCG. Lind and 
Holm (9) found the mutual proportion of jiotcncy between the two tuberculins 
to differ according to whether the comparative tests were made on “naturally 
tuberculin-positive” subjects or on BCG vaccinated subjects. 

No attempt was made to determine the exact relationship of the potencies of 
these three products, i.c., the bovine and avian preparations and PPD-S, al- 
though this could be done by testing other scries of jiatients in which t,he amount 
of the test product, would be varied while the dose of PPD-S would remain 
constant. In this wa}^ tests on large numbers of patients of varying sensitivity 
to both first and second dose would seem to give a fair idea of the relative po- 
tencies of two products. In this clinic it would be difficult to administer six 
tests at a time to one patient as is done by the Danish workers (2). 

CHEMICAL rUIUTA' OF PPD PREPARATIONS 

It should be emphasized that the products made by this procedure (1), i.e. 
isolation of the proteins from a heated tuberculin bj' means of ammonium sulfate 
precipitation at pH 7.0, are purer from the chemical standpoint than are those 
isolated by the earlier method of trichloracetic acid precipitation (table 2). The 
electrophoretic diagrams in figure 2 show clearly an extra fast component, 
(marked with arrows) which appears in all the preparations made by trichlor- 
acetic acid precipitation. As chemical purity is the goal in any such isolation, 
the ability to remove most of the 11 to 27 per cent nucleic acid and 20 to 28 per 
cent polysaccharide, which are inert substances in the tuberculin reaction (10), 
must be considered an advanced step in the purification. The resulting product, 
which is practically nothing but protein, can now be fractionated into its com- 
ponent proteins, at least three of which have so far been isolated in sufficiently 
pure form to be recognized as individual proteins. Until such time as these can 
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be isolated in really pure form, however, and it can be decided which one or ones 
are of greatest specific value in the tuberculin test, it is ad\dsable to use for prac- 
tical skin testing a preparation containing as many as possible of the proteins 
which exist in Old Tuberculin and are present in the original heated tuberculin 
used for these isolations. Such a pi'oduct is the PPD-S. 


TABLE 2 

Analyses of different PPDs 


PREPAltATION OF PPD 

NTJCLEIC AaO 

POLYSACCHARIDE 


per cent 

ter cent 

Precipitated with, trichloracetic acid: 



PPD-9S970 

21.9 

25. S 

PPD-III a 

25.2 

27.9 

PPD-III b 

27.2 

23. G 

PPD- (Denmark 1939) 

20.0 

24.0 

PPD- (Denmark PT-VII) 

11.0 

20.G 

Precipitated with ammonium sulfate: 



PPD-S 

1.2 

5.9 

PPD-81 

0.35 

3.6 

PPD-49609 

1.7 

2.9 





T . t 

PPD - 19 


4 . 



PPD- (pTizn:') 


1 A > ^ D 1 

Fig. 2. Trichloracetic precipitates 

QUESTION’ OF SENSITIZATION* AVITH PPD 

Obviously a fraction cannot be responsible for biological reactions beyond 
those caused by the whole original material from which it was isolated. If 
Old Tuberculin is nonsensitizing, a sensitizing substance .should not be i.solaicd 
from it, unless an inhibitory substance has been removed, and there is no indica- 
tion of the presence of such a substance. 

Steele and Willis (11) found that, if skin tests were repeated in children ever}' 
two days, or at most ever>- two weeks, until 20 tests were given, out of S.*j children. 
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15 finally failed to react to PPD, 9 failed to react to Old Tuberculin, and 6 failed 
to react to TFT, a protein preparation from unheated tuberculin. Therefore, 
if these reactions indicate sensitization, practically as great sensitization oc- 
curred with Old Tuberculin as with the other products. As a matter of fact, the 
proteins in Old Tuberculin have some sensitizing power when sufficiently freed 
of the excessive impurities present so that they can be injected repeatedly 
in large quantities (12). Perhaps some antigenic capacity is necessary to elicit a 
reaction. With the amounts used for skin testing, however, the possibility of 
sensitization by repeated testing does not seem to be very great, as will be shoum 
below. 

In the course of studies made at the Henry Phipps Institute b}'’ Hetherington 
and Eshleman® on tuberculosis in a group of student nurses, tuberculin tests 
were routinely made by one of us (E. D.) in connection vith clinical check-ups 
at three month intervals throughout the three year training course. Nothing 
except PPD-S has been used for testing since 1941. At practically everj’- test 
period each nurse received two tests with the first dose, 0.00002 mg. PPD-S 
and, if negative at 48 hours, she received two tests vnth the second dose, 0.005 
mg. PPD-S. These double tests were made because a record of the tuberculin 
reactivity to the standard tuberculin was required for the nurse’s own clinical 
history, and a comparison was desired for standardization of various batches of 
PPD-S to be used by the U. S. Public Health Service. In this wa}’’, a nurse could 
receive as many as 48 tests in the course of her training if she remained negative 
throughout. As a matter of fact, only in the recent classes were there nurses 
who remained negative to tuberculin throughout their enthe course. Tlierc were 
a few who remained completely negative during 30, 31 or more tests, but many 
who never became sufficiently sensitive to react to the first dose. It is ob\'ious 
from a glance at the record of reactions that there is no trend toward sensitiza- 
tion which would be shown by a consistent increase in the degree of reactivity. 
The records are too voluminous to include in this paper. They have been 
analyzed and will appear as a separate communication (13). The conclusions 
reached in this careful statistical study were that the results of the analysis 
show no effect which may be plausibly construed as an increase in sensitivit}' duo 
to tuberculin testing, although a small increase in sensiti\'ity from this cause 
might pass imdetectcd. In any event, it is certain that such increases, if they 
actually existed, were quite small relative to the natural fluctuation in response 
from test to test, and therefore are almost certain to bo clinicall}' unimportant. 
It appears, therefore, that repeated tests with PPD-S can be given at close 
intervals of time with no fear of complicating false reactions due to sensitization. 

Among these recent classes of nurses, whereas relatively few of them devcIoiXKl 
sufficient sensiti\'ity to' react to the first dose, there appeared vdth tlie .•second 
dose (0.005 mg.) a fluctuation of sensitivity from negative to positive .and back 
again many times during the whole training period. Tliis s.ame fluctuation 
among relatively less .sensitive indixaduals was ob.scrved In' Dr. J. D. .\n>ns‘on‘ 

• Pcreonal communic.ation. 

‘ Personal communication. 
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when he reviewed tests on BCG vaccinated children. It was of further interest 
that he found this phenomenon in certain Indian reservations and not in others. 
He noted that the same phenomenon occurred whether he was using the earlier 
less pure trichloracetic precipitated PPD or the most recent and purest prepa- 
ration PPD-S. In the study on the nurses mentioned above, “the data suggest, 
but do not prove, that the tendency toward increases of low sensitivity and de- 
creases in high sensitivity over the year are more pronounced in the years in 

which exposure to infection was liigher This gives no evidence against the 

h 3 rpothesis that these changes in sensitivity are, at least in considerable part, 
due to slight infection and gradual recovery” (13). 

When clinically significant infection occurs, however, the indi'vddual usually 
reacts to the first dose (0.00002 mg.). The studies of Purcolow, Hewell and 
Palmer (14) indicate that 0.0001 mg. PPD-S may represent a critical dosage for 
detecting such cases, and consequent^ the disturbing phenomenon of fiiuctuation 
of sensitivity to the higher dose 0.005 mg. would be eliminated. The extensive 
studies of Pahner in progress at the present time may be able to answer some of 
these questions. 


STANDARBIZATION OF TUBERCUIilNS 

As guinea pigs are much less sensitive than human beings, a more accurate 
standardization of tuberculins can be made upon human beings, especially of 
products which are to be used for human testing. For this reason standardi- 
zations in this laboratory have all been made on human beings. Holm and 
Land (5) reached the same conclusions. The follo\ving tests illustrate this point. 
In 1941, after PPD-S wns prepared, standardization tests were made in guinea 
pigs and in man on the same products. 

Guinea pigs rendered tuberculous by inoculation into the groin with 0.1 mg. 
H37 five weeks previously were used. Six dilutions of one product, ranging in 
dosage from 0.001 to 0.00025 mg. PPD-S, were given on one side of 6 guinea 
pigs while on the other side a series of six dilutions of another product was in- 
jected. In this way, the dilution which gave an average reaction equivalent to 
one of the knowm dilutions of PPD-S was found and the relative potency thus 
determined. 

A large series of tests were then made in humans with the standard on one 
arm and the dosage of another tuberculin, judged to be equivalent by guinea 
pig test, on the other arm. If the average size reactions to the two tuberculins 
were not really equal, then another series of patients was injected vith a smaller 
or larger dose of the tuberculin to be tested along with the same dose of stand- 
ard. The results of the tests in man appear in table 3. 

A summai^'' of the tests in both man and guinea pigs can be stated as follows. 
Wlien compared with 0.1 per cent PPD-S in six tuberculous guinea pigs, the 0.2 
per cent PPD-S, 0.25 per cent PPD-9S970, and an undiluted Old Tuberculin 
proved to be respectively 1 to 2 times, 0.5 to 1 times and 2.5 to 3 times as strong 
as the standard. In human beings, tliesc products were respectively 2 to 3 
times as strong, equal to, and five times as strong, as the standard. Tliesc figures 
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TABLE 3 

Slandardizalion of tuberculins in human beings 
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are based on an avei-age of 154, 100, and 88 tests, respectivel}^ in these thi-ee 
series. It is ob^’ious that the comparative results in human beings are in the 
same direction as those in the guinea pigs, but the differences in potency are 
magmfied in the former, possiblj'' because of the higher sensiti'^dty of the human 
subjects. 

It became clear in these tests that it is difficult to make an exact standardi- 
zation of tuberculins prepared in different vra 3 ^. For example, in the case of 
some preparations the relative potencies were different if tested in animals with 
different levels of sensithdty and even in groups of patients with different degrees 
of sensitivity. Thus, in some cases, as may be seen in table 4, one tuberculin 
(Old Tuberculin 511-10) may appear to be weaker than another (PPD-S) when 
tested in equivalent doses in highly sensitive indi\dduals, and the same tuberculin 
may be stronger when tested in greater strength in less sensitive indiwduals. 


T.\BLE 4 

Rclalive potencies of different PPDs 


PREPARATION 

DOSE 

NUilDP.tt 

TESTED 

g 

gs 

§2 

s; 

2 

DIMEKSIOKS or AVER- 
AGE REACTION 

DOSE 

a 

gB 

R M 

a ^ 

u 

g5 

11 

;c 

PJ w 

cft 

ca m 

ga 

z 

DISIENStONS or 
AVERAGE REACTION* 

OT*-5U-10 

mt. 

1:10.000 

<0 

19 


mm, 

14 xl6 x2.0 


27 

17 

0 

mrx. 

IS x20 x2.2 

PPD-IOb 

0.00002 

<6 

19 


21 x22 x2,4 


27 

15 

2 

17 xl9 x2.: 

PPD-20b 

0,00002 

ISO 

38 

9 

19.0x20.3x2.0 

0.005 

Rl 

02 

0 

12.8x14.8x1.0 

PPD-S 

0.00002 

ISO 

47 

0 

20.5 x 22.9 x 2.1 

0.0025 

ISO 

98 


14.6x16.6x1.7 

PPD-20b 

0.00002 

200 

47 

2 

21.4x24.9x2.4 

0.005 

143 

68 


10.0x14.0x1.5 

PPD-S 

0,00001 

200 

49 

0 

21.9x25.0x2.3 

0.0025 

143 

78 

Ks^l 

13.0 X '.5.3 X 1.3 

PPD-5S970 

0.00002 

S7 

15 

6 

20.5 x 23.2 x 2.3 

0.005 

C5 

25 

0 

14.9x 17.5x 1.9 

PPD-S 

0.00002 

S7 

21 

H 

29.8x32.3x2.8 

0.005 

66 

o4 

0 

19.2x22.9x2.3 

PPD-flS970 

o.oooos 

2G 



26.9 x 30.5 x 2.5 

0.02 

18 

7 

0 

17.9 X 19.4 x'2.3 

PPD-S 

0.00002 

20 

20 

0 

24.4x27.5x2.5 

0.005 

IS 

1 

0 

18.0x21.4x2.4 


• Old Tuberculin. 


Another difference that occurs between different tuberculins is in the total num- 
ber of reactors. For example, PPD-S gave more total reactions with both doses 
than did PPD-20 b or PPD 98970, two lots of PPD which had been prepared 
by precipitation with trichloracetic acid. ^McCarter and Watson (15) noted the 
same thing in their comparisons of PPD-S, and two other lots of PPD (PPD-67 
and 67-2). Seideman (10) found a preparation of Old Tuberculin to bo definitely 
more potent than PPD in the lower dilutions, whereas the PPD was found to be 
slightly more potent in the higher dilutions in guinea pigs. This investigator 
also found that in healthy young adults the initial dose of PPD (one-fifth of that 
found comparable to Old Tuberculin) was significantly more sensitive than that 
of Old Tuberculin, although the total number of reactors to Old Tuberculin was 
slightly grc.ater as compared with PPD. He interpreted the facts to indicate a 
greater specificity of PPD as compared with Old Tuberculin. 
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That this interpretation may be correct is home out by recent work, in wiiich 
raw unheated tuberculin has been fractionated into at least three proteins dis- 
tinguishable by different electrophoretic mobilities, chemical properties, bio- 
logical potencies, and relative amounts in the tuberculin. These fractions have 
been designated as A, B and C proteins. They have been isolated on three 
different occasions and from two different strains of human t^Tie tubercle bacilli. 
They were identified by their different mobilities in electrophoresis and, while 
not completely homogeneous, they were sufficiently freed from the other proteins 
to warrant preliminary tests. The isolation procedures and analj'ses vill appear 
in a separate communication. Skm tests were made in which each of these 
products was compared with PPD-S as a standard simultaneously on tuberculous 
guinea pigs and then on human subjects. In all cases equivalent amounts, based 
on the nitrogen contents, were injected m 0.1 cc. volume. 

In the tests on guinea pigs, 0.1 cc. of the different substances was injected in 
the same guinea pigs and in this waj’’ the relative potencies could be determined. 
In the first experiment, by chance there were available tlrree guinea pigs which 
had been vaccinated vlth 20 mg. of BCG eleven months earlier, and 5 guinea 
pigs that had been injected with 0.001 mg. DT strain five months prcnousiy. 
Twenty-four hours follo\vmg the five skin tests with 0.005 mg. each of A, B, B- 
purified, C, and PPD-S fractions, all five of the tuberculous guinea pigs were 
dead and all three of the BCG guinea pi^ were alive and presented moderate 
skin reactions. The imexpected severity of the reaction, suggesting the presence 
of a fraction of e.\'ceptionally liigh potency in this group, led to further compara- 
tive testing of the different substances. Tests were made using 0.0005 to 0.00026 
mg. doses. In several series of tests, where only one product and the standard 
or where several products and the standard were tested on each guinea pig, it 
was clear that the A protein was more potent and the C protein less potent than 
the standard, while the B was intcimediate. 

Tests were then made on the more sensitive human beings with 0.00002 mg. 
and on the less sensitive ones with 0.005 mg. doses, comparing a single product 
with the standard in a large series of individuals. Table 5 shows that in all casc.‘^ 
where the C protein was used considerably smaller reactions occurred than with 
the standard, and m some cases a few (e.sts were lost with the G protein. Te.^ts 
with the C Protein (92 1) indicated that it was lc.ss than one-tenth of the strength 
of PPD-S. In those individuals Avho required the second do.se, or 0.005 mg. to 
react, however, the reactions with the C protein were as largo or larger than with 
the standard, in .spite of the fact that reactions were e\'cn mi.'^.^ed in .some rase.-. 

In contrast, those fractions containing only the A-rB protein.s were, n.s a rule, 
stronger than the standard, as shown in table 0, on both first and second do>es. 
The proportionality of iJOtoncy in different dosage's would indicate a more siiecifsc 
substance. The fact that different preparations varied in the mtio their 
potency to that of the standard may jiossibly be c.vphiined by the fact thru thes'e 
preparations obviously differ in their degreti of purity, a.'^ can be .‘^^'cn on the 
electrophoretic diagnun. Three of them contained B protein as '.ccli as 
A. Furthermore, in the isolation procedun’ it bec.'ime clear that the .\ and H 
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proteins exist in the smallest quantities and are the most difficult to separate as 
well as the most labile fractions. Neither A nor B has so far been isolated in 
more than small quantities in electrophoreticalh' pure form, but obviously tliis 
is an imperative step. 


TABLE 5 


Potency of C Protein* 


PSrpAXATlOK 

TYPE 

orpEO* 

TEIN 

PRES* 

ENT 

POSE 

NUM- 

BER 

TEST- 

ED 


M bi 

U m 
a K 

|5 

DHtENSIONS or 
AVERAGE REACTION 

DOSE 

NUM- 

BER 

TEST- 

ED 

NUM- 

BER 

POSI- 

TIVE 

06 u 
U m 
a o? 

a S 
5 ^ 

DIMENSIONS or 
A^XRACE REACTION 



fflg. 




fnm. 

mg. 





PPD-S 

-Ml 

0.00002 

mm 

6 

0 

25.0x25.0x2.3 

■iwaK 

11 

10 

HI 

22.1x17.2x2.3 

82 I 

C 

0.00002 

10 

4 

2 

13.7 X 13.7x2.0 

0.005 

11 

9 

1 

19.0 X 15.0x2.2 

PPD-S 

All 

0.00002 

30 

21 

0 

mmm 






921 

C 

0.0002 

36 


Id; 

21.4 X 23.5 1 2.0 






PPD-S 

All 

0.00002 

43 


0 

29.2x25.9x2.4 

0.005 

20 

10 

0 

17.3x18.4x1.9 

941 

C 

0.00002 

43 


0 

23.6 x 25.9 x 2.4 


20 

10 

H 

16.61 19.2 X 1.9 

PPD-S 

All 

0.00002 

62 

32 

0 

26.5x30.6x2.5 


27 

19 

H 

21.9x24.1x2.2 

951 

C 

0.00002 

62 

24 

s 

19.5x22.0x2.0 


27 

12 

7 

21.2x24.0x2.5 

PPD-S 

All 

0.00002 

34 

IS 

0 

28.3x32.8x2.1 


18 

11 

1 

20.0 x 23.9x1.8 

9SI 

C 

0.00002 

34 

IS 

0 

21.4x23.5x2.0 


IS 

11 

1 

19.5x22.2x1.8 

PPD-S 

All 

0.00002 

69 

56 

1 

24.2 x 29.0 x 2.4 

0.005 

17 

14 

0 

14.4x16.6x1.8 

TPT-ISE(A) 

C 

O.OOOOS 

69 

44 

12 

15.3x17.2x1.9 

muj 

22 

15 

4 

16.9 1 18.5x2.0 


• Preparations 52 and TPT-ISE(A) were mndo from the H 37 strain of tubercle bacinu8» preparations 90, 94 and 9S 
from the DT strain, and preparation 95 from a BCG strain. 


TABLE 6 


Potency of A and B Proteins 


PSEPARA- 

TION 

TYPE or 

PROTEIN 

PRESENT 

DOSE i 

i 

NUM- 

BER 

TESTED 

NUM- 
BER 
POST- ' 
T1\X 

cS 

a m 
a tn 

DIMENSIONS or 
ANXRATE REACnON 

DOSE 

NUM- 

BER 

TEST- 

ED 

NUM- 

BER 

POSI- 

nvT. 

si 

§5 

ii: 

DIMINSIOKS or 
AVZIACE XXACnOS" 

PPD-S 

All 

mg. I 

0.00002 

40 

24 

i 

rtn, 

127.4x31.9x2.8 

mg. 

0.005 

16 

n 

0 1 

rtn. 

20.7 X 23.7 x 2.< 

90I1> 

A -l-B 

0.00002 

40 

24 

H 

30.2 I 34.6x2.8 


16 

H 

B 

23.1 x 25.7 x 2.4 

PPD-S 

-All 

0.00002 

40 

27 


24.4x24.4x2.5 

0.005 

13 

10 

0 

16.6 X 18.7x2.1 

94 II 

A -l-B 

i 0.00002 

1 

40 

27 

0 

25.9x31.9x2.5 

0.005 

1 13 

10 

0 

18.7x19.7x2.1 

PPD-S 

.All 

1 

1 0.00002 

i 

IS 

II 

27.2 x 23.7 x 2.6 

0.005 

3 

3 

0 

20.7 x 23.3 x 2.7 

95 n A 

A -f- B 

0.00002 

1 27 

IS 

II 

23.4x31.0x2.6 

0.005 

3 

3 

0 

21.7 X 24.3 I 2.7 

PPD-S 

All 

0.00002 

35 

19 


23.8 x 25.8 x 2.4 

0.005 

17 

13 

0 

23.1x22.5x2.5 

9«in 

A 

i 0.00002 

: 35 

19 

" I 

23.5 1 25.9 x 2.4 

0.005 

1 

17 

13 

0 

21.7x25.0x2.4 


TIic results so far reported indicate that the search for a more specific protein 
fraction of tuberculin may be rewarded, for the fractions obtained could be 
duplicated, using the s;imc strain of tubercle bacilli as well as different strains. 
(Sec tables 5 and C). 
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SUMMARY 

Progress in tlie purification of tlie active principle of tuberculin has been out- 
lined. The method, including precipitation with ammonium sulfate at pH 7.0, 
jdelds a chemically more pure protein than the earlier trichloracetic acid precipi- 
tation method. The contents of nucleic acid and polysaccharide are much lower. 

Furthermore, products of constant potency can apparently be prepared from 
the same strain of tubercle bacilli bji- this method, as three comparable lots have 
already been produced. 

A product similarly made but from a boidne strain was more potent and one 
from an avian strain was less potent than the standard purified tuber- 
cuhn, PPD-S. 

Evidence has been presented from repeated double tests at three month inter- 
vals on a group of nurses to show that a cumulative sensitization due to the 
tuberculin protein itself does not occur. A fluctuation is evddent, however, in 
the degree of reactivity from negative to positive and reverse, in those nurses 
whose sensitiidty was so low that they reacted only to the second dose of 0.005 
mg. PPD-S. 

The standardization of tuberculins prepared m different ways is often difficult 
because their relative potencies may varj' in individuals with different levels of 
sensitivity. This indicates the presence of a less specific fraction admixed vith 
a more specific one. As support for this interpretation, such fractions have 
actually been isolated from raw tuberculin. These experiments predict 
the preparation of a more specific diagnostic reagent. 

SUMARIO 

Estudiode Ciertos Problemas Encontrados en el Empleo de la Tvlerculina Corriente. 

Fraccionacion de PPD, Estandardizacion de las Tiiberculinas y la Cuestion 

de la Senstbilizacion 

Bosqu4jase el adelanto logrado en la purificacidn del principio active de la 
tuberculina. La t4cnica, comprendiendo precipitacion con sulfato amonico a 
una pH de 7.0, rinde una protefna qufmicamente mas pura que la antiguapre- 
cipitacibn con acido tricloroacbtico. El contenido de acido nucleico y de polisa- 
carido es mucho menor. 

Ademds, con esta tbcnica, pueden aparentemente preparame productos de 
potencia constante, de la misma cepa tuberculosa, pues ya se ban obtenido tres 
lotes comparables. 

Un producto preparado en forma semejante, pero de una cepa bovina, resultb 
mds potente, y otro de una cepa aviaria, menos potente, que la tuberculina puri- 
ficada corriente, PPD-S. 

Presdntanse datos derivados de dobles reacciones repetidas a plazos de tres 
meses en un grupo de enfermeras para demostrar que no ocurre sensibilizacibn 
acumulativa debida a la protefna tuberculfnica misma. Obsbrv^ase sf fluctua- 
cibn en el grado de reacthidad, de negativa a positiva, y viceversa, en las enfer- 
meras cuj’^a sensibilidad era tan baja que sblo reaccionaban a la segunda dosis de 
0.005 mg. de PPD-S. 
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La normalizaci6n do las tubercvilinas prcparadas do distintos modes rcsulta a 
raemido diflcil porque sus potencias piicdcn variar cn individuos dotados de 
distintos grades de sensibilidad. Esto indica la prcscncia do una fraccidn menos 
cspccifica mezclada con otra mfis cspecifica. En apoyo dc osta intcrprctacidn, 
se ban aislado talcs fraccioncs de la tuberculina bruta. Estos experimentos 
predicen la preparacidn de im reactivo mils cspccifico para diagndstico. 

REFERENCES 

(1) Seibeht, F, B., and Glenn, J. T.; Tuberculin puriGcd protein derivative: Preparation 

and analyses of a large quantity for standard, Am. Rev. Tuberc., 1911, U, 9. 

(2) Seibeut, F. B., Abonson, J. D., Reichel, J., Clabk, L. T., and Long, E. R.: Purified 

protein derivative ; A standard tuberculin for uniformity in diagnosis and epide- 
miology: The isolation and properties. Am. Rev. Tuberc., 1934, SO, 713. 

(3) Jensen, K. A., Bindslev, G., MOller, S., Hansen, A., and Lind, P.: Old Tuberculin 

and purified tuberculin : Standardization. Preparation of stable solutions. Tuber- 
cle, 193S, 19, 3S5. 

(1) Lind, Poul: Renset Tuberkulin, Dots Frcmstilling og Egenskaber, fTbesis, Danmarks 
farmacculisko ll0jakolc) Einar Munkagaards Forlng, Kobenbaven, 1945. 

(5) Holm, J., and Lind, P. : Standardization of tuberculin. Pub. Health Rep., 1947, 62, ISS. 

(6) Seibert, F. B., and Morley, N.: Tbc rclationsbip of the tuberculin proteins of differ- 

ent acid-fast bacilli to sensitization ns indicated by their reactivity in sensitized 
animals, J. Immunol., 1933, 24, 149. 

(7) Jensen, K. A., and Lind, P.; Specificity of purified tuberculins: Tested on guinea 

pigs, Acta tuberc. Scandinav., 1943, 17, 37. 

(S) Lind, P., and Tolderlund, K. : Specificity of purified bovine tuberculin and purified 
BCG tuberculin: Studies on tuberculous patients, Acta tuberc. Scandinav., 
1943, n, 252. 

(9) Lind, P., and Holms, J.: Specificity of purified tuberculin produced by the BCG 
strain : Studies on guinea pig and man, Acta tuberc. Scandinav., 1943, 17, 237. 

(10) Heilman, D., and Seibert, F. B.: The effect of purified fractions of tuberculin on 

tuberculin-sensitive tissues. Am. Rev. Tuberc., 1940, 65, 71. 

(11) Steele, A. H., and Willis, H. S.: Further studies with purified tuberculins : Partic- 

ular!}' their application by the Pirquet method, Nat. Tuberc. A. Tr., 32nd 
meeting, 1930, 32, 73. 

(12) Seibert, F. B.: Chemical composition of the active principle of tuberculin: XVI. 

Local cutaneous sensitization (Arthus’ phenomenon) produced in normal rabbits 
and guinea pigs by the protein of tuberculin, J. Infect. Dis., 1932, 51, 3S3. 

(13) Tukey, J. W., Dufour, E., and Seibert, F. B.: Lack of sensitiz.ation following re- 

peated skin tests with standard tuberculin (PPD-S), to be published. 

(14) Fercolow, M. L., Hewell, B., Nelson, W. E., and Paiaier, C. E.: Quantitative 

studies of the tuberculin reaction: 1. Titration of tuberculin sensitivity and its 
relation to tuberculous infection, Pub. He.alth Rep., 1941, 66, 10S2. 

(15) McC.artbr, j. R., and Watson, D. W.;The relationship of the antigenicity, physical- 

chemical properties, and polysaccharide content of tuberculins to their intra- 
cutaneous activity, J. Immunol., 1942, 43, 85. 

(16) Seideman, R. M.: A comparative study of Old Tuberculin and the purified protein 

derivative. Am. J. Hyg., July 1939, SO, 1. 



THE 


American Review of Tuberculosis 

Abstracts 

\'oi.UME SEPTEMBER, 1948 Abst. No. 3 


Recovery T}T)es In Pulmonary Tuber- 
culosis. — ^Tlie purpose of this study was to 
dctemiiiic clinically and nuliologically how 
ami when lung lesions heal in adult tuber- 
culosis. Of 1,244 patients discharged from 
the preventive rest period required for insured 
patient.s in Chile, 405 (230 men and 169 
women) who had been under obsenvation 
one year or longer by the National Emploj-ces’ 
Medical Department were taken for considera- 
tion. Ages varic<l from 15 to over 55 yaars, 
SS.o per cent being in the 15-34 year period. 
The stage of the dise.ase on admission had 
been minimal m 27.05 per cent, moderately 
nda-anced in 50.5 per cent and very' advanced 
in 3.4 per cent. The remaining 12.3 per cent 
suffered from pleurisy. Radiologically, 39.7 
per cent showed at the time of admission 
unilateral infiltration, 31.1 per cent bilateral 
processes, 10 per cent both unilateral infiltra- 
tion and nodes, 3.9 per cent unilateral nodes 
and in 2 per cent the manifestations were 
undetermined. Of 307 who had the sputum 
examined, 5S.95 per cent proved positive. 
About SO per cent of apparently arrested 
cases on discharge had had from she to twenty- 
four montlis of preventive rest. Tlje types 
of recovery were: complete resorption, 0.4 
per cent; residual pulmonary, pleural or 
pleuropulmonaiy (but mostly pulmonary') 
scars, 93.6 per cent. Calcification was present 
only' in 0.2 per cent. Recurrences occurred 
in 10.9 per cent ifi a period vaiying from three 
to sLxty-sbc months, but mostly (77.2 per 
cent) within the first two years following 
discharge. Recurrences were in the original 
site in 75 per cent, elsewhere in 20.4 per cent, 
and in both locations in 4.5 per cent. The 


desirability of re-e.xamining these patients 
every two or three months during the first 
two years after discharge is emphasized. — 
Formas dc Curaddn dc la tttbercuhsis pul- 
monar del advlto, Arturo liodrigttez, Felicindo 
Mendoza, Mario ZanolU & Rend Cdrdenas, 
Ap. respir. y tvberc. Santiago, April-June, 
1947, 12: no— {A. A. Moll) 

Reactivation following Recovery In Pul- 
monary Tuberculosis. — A study of the type of 
recovery’ and incidental factors was made in 
El Feral Sanatorium in Chile in 524 patients 
who had been discharged from April 15, 1938 
to June 30, 1946 in an apparently or actually 
arrested condition. Both clinical and X-ray 
examinations were made periodically after 
discharge. On the completion of the study 
35S patients (68.4 per cent) remained under 
obsen’ation. Diis figure is, however, de- 
ceiving, as the length of the follow-up period 
must vary’ considerably in such a group, and 
this will naturally affect the results. The 
chances of reactivation of the disease average 
3.35 per cent per year. Sex, type of the 
disease (including e.vtent and presence of 
cavitation) and ty’pe of treatment seemed to 
have but little influence on the probabilities 
of reactivation, the data not being sufficiently 
conclusive on any of these points. A thorough 
follow-up system is most important during 
the first year following discharge when the 
rate of patients failing to return for examina- 
tion is as high as 20 per cent. — Formas de 
Curadbn era la tuberculods pvlmonar era el 
adulto, Hospital-Sanatorio El Feral (Medical 
Staff), Ap. respir. y tuberc., Santiago, April- 
June, 1947, 12: 124— (A. A. Moll) 
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Supplementary Aids for Classification of 
Residual Lesions. — In a group of 6S tuber- 
culosis patients with residual X-ray shadows 
and occasional! j' positive sputum, various 
methods were used to clarify the nature of the 
lesions present. Tomography disclosed in 12 
cases the presence of active pulmonarj’ lesions 
amenable to treatment. Bronchoschopy re- 
vealed in 13 of 40 p.atients bronchial lesions 
of a tuberculous nature. Bronchography 
showed in 30 of 52 parietal changes in the 
broncliial tubes adjoining the original pul- 
monary focus. While not definitely tuber- 
culous, the residual pulmonarj’’ or tracheo- 
bronchial process in IS of the 6S cases may 
still conceal small active foci which available 
examination methods fail to reveal. A 
residual condition maj' be properly labeled 
only after a careful X-ray and tomographic 
examination. If the sputum or the gastric 
contents are occasionally positive, the cause 
may be located through a bronchoscopic or 
bronchographic or X-ray study. — El probkma 
del Ivberculoso baciUfero con Icsioncs radio- 
Idgicas dc aspecto residual, Medical Staff of 
Pvlaendo Sanatorium {Rapporteur, H. Duran 
M.), Ap. respir. y luberc., Santiago, April- 
June, 1947, 12: lJiO.—{A. A. Moll) 

Hepatic Function in Tuberculosis. — ^Along 
with chronic alcoholism, pulmonary tuber- 
culosis is a frequent cause of fatty infiltration 
of the liver. There is no direct clinical 
evidence of significant liver damage in patients 
■with chronic pulmonary tuberculosis however. 
A review of twenty-five j'ears of studies 
reveals that considerable laboratory e^ddence 
of liver function disturbance has been found, 
but a critical study of these publications 
shows that the function tests used were non- 
specific and obsolete. A subsequent study 
in which testing was carried out with the two 
milligram dose of bromsulphalein showed 
some evidence of hepatic dysfimction. In 
1942, by using the more sensitive 5 mg. per 
kilogram test, Kruger and Gerber found 
evidence of impaired function, especially 
in far advanced protracted disease. They 
examined also a series of 20 patients with 


secondary’ amyloid disease and found signifi- 
cant retention of bromsulphalein in 18 pa- 
tients, in contrast with a prenous study 
showing dye retention in 2 out of 12 patients 
when the 2 mg. dose was used. The present 
authors felt that with further improvement 
in the form of the serial bromsulphalein test, 
and with the av.ailability of other fairly 
specific procedures such as the intrawnous 
hippuric acid test, the cholesterol ester 
determination, the cephalin cholesterol floc- 
culation test and the determination of a series 
of chemieal serum components related to 
liver function, a satisfactory study could be 
made. By means of these procedures hepatic 
dj’sfunction was demonstrated in a large per- 
centage of cases. The serial bromsulphalein 
test showed the greatest number of posi- 
tive results. Outstanding abnormalities were 
found in 2 patients with complicating smy- 
loidosis. — Studies of Hepatic Function in 
Pulmonary Tuberculosis, A. Hurst, H. M. 
Maicr & S. A. Lough, Am. J. M. Sc., October, 
1947, 214: 4S1.—{G. F. Mitchell) 

Streptomycin. — Tlris report is based on the 
findings in 43 cases of pulmonary tuberculosis 
treated with streptomycin. Tliirty six of 
these, obsen’ed for a minimum period of sLx 
weeks following completion of therapy, are 
considered in detail. All patients were on 
complete bed-rest and none received collapse 
treatment until at least ninety day's following 
start of drug treatment. In the beginning, IS 
patients received 3.0 grams daily in divided 
doses for 120 day’s. Subsequently, the period 
of treatment was shortened to forty-two 
days. Tliree patients received one gram 
daily for forty-two day’s. There were IS 
patients with recent predominantly’ exudative 
disease ■with early cavitation. Nine mam- 
fested satisfactory early’ remissions; all had 
patchy’ or confluent pneumonic lesions wliicb 
apparently had not caseiited or excavated 
extensively. In 2 of the 9, the remission was 
followed bj’ relapse -within two months after 
completion of drug therapy. Six patients 
showed considerable improvement ■without 
full remission. In 3, with extensive caseation. 
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a rapidly progressive course followed a short 
period of improvement. In 7 of the 18, the 
disease has been apparently controlled for six 
months without collapse therapy. Five 
othere have had successful collapse treatment; 
all would have been considered as poor risks 
prior to improvement under streptomycin. 
There were 18 patients with predominantly 
fibrocavemous pulmonary tuberculosis; of 
these, 3 attained cavity closure and sputum 
conversion during therapy. Four were 
rendered suitable for thoracoplasty. In 10, 
there was some temporary improvement fol- 
lowed by progi'ession of the disease. In 
several of these, collapse therapy might have 
been feasible if it had been undertaken at the 
time of maximal improvement. Within one 
week of start of therapy, there was evidence of 
healing of ulcerative lesions of the larynx or 
bronchi in all 8 patients in which these were 
present. Healing was usually complete by 
the end of the second month. Tubercle 
bacilli could be cultured regularly from 23 
patients during and subsequent to therapy. 
There was a striking correlation between the 
appearance of in vitro resistance and the 
duration of streptomycin therapy. Resistant 
bacilli were obtained in all but one of 11 
patients who received streptomycin continu- 
ously for periods of seventy-five to 120 days. 
Resistant bacilli were observed in only one of 
11 patients who received streptomycin for 
forty-two days. The majority of drug resist- 
ant strains appeared in the third month of 
treatment. In vitro resistance has not been 
observed to disappear and has persisted in 
4 patients from whom bacilli could be cultured 
regularly a year after the start of drug therapy. 
In all 7 patients who continued to discharge 
bacilli during and subsequent to drug treat- 
ment, the tuberculous infection became 
actively progressive following the detection of 
resistant bacilli. In each case, the disease 
was thereafter completely iminfluenced by 
further administration of streptomycin and 
4 went on to die. Postmortem studies of 2 
patients revealed no unusual Endings. 
Streptomycin therapy appears definitely to be 
a valuable adjunct in the treatment of pul- 


monary tuberculosis. In all 43 patients, there 
was a measurable degree of objective im- 
provement. The best results are to be 
expected in the early acute exudative t3q)es of 
disease. Healing under streptomycin treat- 
ment appears to follow the same course as 
natural healing. Chemotherapy might be 
expected to increase the mnnber of apparent 
cures and possibly to shorten the time re- 
quired for healing. The lower pH of tuber- 
culous caseous areas may be a factor in 
diminishing the efficacy of streptomycin in 
this type of disease. Streptomycin treatment 
cannot be expected to result in the complete 
eradication of tubercle bacilli from all foci. 
There appears to be a definite relationship 
between in vitro and in vivo bacterial resist- 
ance. The administration of the drug for 
only forty-two days greatly lowers the inci- 
dence of drug fastness. Streptomycin is 
particularly valuable in increasing the number 
of patients in whom surgical therapy will be 
possible. The drug is properly used at 
present in cases of progressive moderately and 
far advanced pulmonary tuberculosis of recent 
origin and of predominantly exudative char- 
acter. In fibrotic disease, the drug should 
not be used until timing has been considered 
in relation to the development of drug fast- 
ness and possible futme surgery. Short, 
two-week courses of treatment are recom- 
mended for laryngeal and bronchial disease 
for symptomatic relief. In view of the 
neurotoxicity of the drug, its use is not ad- 
vised in minimal disease or more advanced 
tuberculosis in which the outlook is favorable 
by conventional methods. Unnecessaiy use 
of the drug leading to development of drug 
fastness renders it useless for occasions when 
it may be seriously needed . — Streptomycin in 
the Treatment of Tuberculosis: II. Pulmonary 
Tuberculosis, C. Muschenkeim, W. McDermott, 
Susan J. Hadley, Harriet Hull-Smith & Alice 
Tracy, Ann. Int. Med., December, 1947, 21: 
989. — (H. R. Nayer) 

Streptomycin in Hematogenous Pulmonary 
Tuberculosis. — ^AU other usual methods of 
treatment having failed, it was decided to try 
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streptomj'cin in a case, practicallj' hopeless, of 
hematogenous pulmonary tuberculosis in a 
woman 32 j^ears old. Both the sulfate and 
the hydrochloride salts were used as available, 
the average dai^' dose being 1.5 g. in six 
portions of 250,000 units each. Tolerance 
was perfect, with the exception of a slight 
local tenderness in the injection site, more 
marked with the hydrochloride. No acoustic 
manifestations developed. Bacteriological, 
clinical and radiological results were truly 
amazing in a 3-month period, ndth restored 
appetite, an IS pound increase in weight, 
decreased sputum and impro'^'ed breathing. 
The streptomycin treatment had to be dis- 
continued then for reasons beyond control. 
Tlie benefit obtained in this case dating back 
six years was so outstanding as to justify a 
trial of the drug in all cases of tuberculosis 
where other methods fail or cannot be applied. 
— EsiTepiomicina, con particular referenda a 
su aplicaddn an la tuberculosis puhnonar 
hcmatdgena, P. A. Tapclla, Prensa med. 
argent., Avgust 1, 1947, 34: 1419. — (A. A. 
Moll) 

Streptomycin and Sulphetrone in Tuber- 
culosis. — ^In experimental studies, sulphetrone 
was found to be slightly more efficient than 
diasone or promine in controlling tuberculosis- 
no acute or clironic to.xic effects were noted. 
It was decided to conduct studies on human 
beings using streptomycin alone and in 
combination with sulphetrone. Streptom 3 'cin 
was administered intramuscularlj' in doses of 
0.2 to 0.4 g. every four hours. The daily dose 
of sulphetrone was G to 9 g., given orally; 
fluids were restricted to one and a half quarts 
dail}'. A total of 17 cases was treated, repre- 
senting a TOrietj' of tuberculous lesions. 
Good results were obtained in one case of 
tuberculous meningitis, in which 2 mg. of 
heparin were also given intrathecall.v; in 4 
other cases, where heparin was not used, 
streptomj'cin was ineffectual. Temporal' 
improvement was obtained in cases of acute 
miliar}" tuberculosis, but later there were 
recurrtmces with fatal outcome. Two t}'pes 
of reaction were noted at necropsy in these 


cases. The first represented healed tubercles 
in which no bacteria could be detected. The 
second consisted of young active tubercles 
showing no signs of repair and containing 
enormous numbers of acid-fast bacilli; these 
were probably the result of more recent dis- 
semination. No beneficial effects were noted 
in chronic fibrocaseous pulmonary tuber- 
culosis. The authors believe that strepto- 
mycin is contraindicated in these cases. 
Although there were too few cases, it was 
thought that the combination of streptomycin 
and sulphetrone gave better results than the 
former drug alone . — Treatment of Tuberculosis 
loitk Streptomydn and Sxilplielronc, D. G. 
Madigan, P. rV. Swift & G. Brownlee, Lancet, 
December so, 1947 , 2: S97. — (-4. G. Cohen) 

Pneumothorax in Tuberculosis. — ^In 1943, 
there was a long list of patients awaiting 
hospital treatment for tuberculosis. Many 
were suitable for pneumothorax. Accord- 
ingly, a new plan was tried. Patients were 
admitted for induction of pneumothorax. 
After the first two refills the patients were 
sent home and further treatment was given 
in the out-patient department unless there 
were complications. The records of the 
first 150 cases were re%’iewed. The obserra- 
tion periods ranged from twenty to thirty- 
three montlis. The results were considered 
successful in 82 cases, doubtful in 5 and un- 
successful in 63. In the entire series, 36.7 per 
cent of the patients became sputum free or 
negative. The fact that a project of tliis 
sort must be conducted by experienced phy- 
sicians is emphasized . — Artifidal Pneumo- 
thorax, A. Maclean & J. S. Gemmill, Lancet, 
January 31, 194S, 1: 173. — (.4. G. Cohen) 

Collapse Therpay of Tuberculous Patients 
with Bronchial Asthma. — Therapeutic 
pneumothorax is compatible witli bronchial 
asthma if the latter can be controlled medi- 
cally, and if pulmonai}- and cardiovascular 
function are at least fair. Four cases were 
successfully treated. Sojourn at high altitude 
where the air contains fewer allergens may 
have helped in these cases. Two other 
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tubcrculoiip patients with hi-onchia! asthma 
were treateei with seven- and eight-rib tlioni- 
coplnstv. and witlKtood the procedure well. — 
Ziir KoUapshchandluiig LMiigaituhcrhiloscr 
Asthir.alihcr, TI'. Zam, Schudz. Zlschr. f. 
TvlcrJ:., mT', 4: J6D.~{D. Gcrsll) 

Estraperiosteal Pneumothorax. — ^This pre- 
liminan,’ rcjrort- concerns the fust. 6 eases of 
extmperiostcal pneumothonix. Tlio indica- 
tions for this t^^)c of procedure arc seen in 
oxten.rivc bilateral involvement wlierc the 
poor general condition preclude.? thoracopl.astj’ 
and where the dimension and superficial 
location of the cavity render extrapleural 
pneumothorax verj* risky. Ext ni periosteal 
pneumothorax obrates the opening of han- 
phatics and blood vessels, which arc usually in 
a state of dilatation due to peripleuritis 
between parietal irlcura and endothoracic 
fascia, .\ftcr resection of a portion of the 
fourth rib the internal periosteum of the 
neighboring ribs is liircrated in its entire 
extent, the internal intercostal muscles arc 
pushed inward and a pocket is formed. The 
internal wall is comix>sed of the fused visceral 
and parietal pleurae covered by the endo- 
thoracic fascia, periosteum and internal 
intercostal muscles. The e.xtcmal wall con- 
sists of the internal surface of the ribs and 
external intercostals. Before closure the 
periost is treated with formol. None of the 
cases showed subsequent infection of the 
pocket during the period of observation 
(which is only two to three months). In all 
cases a favorable effect on the caxdtics is 
reported (disappearance or considerable 
diminution in size). It is admitted that the 
postoperative follow-up is too short to permit 
further conclusions . — Le pneumothorax exlra- 
perioste, premiers cos el perspcclives d’avenir, 

L. Meyer tfc J. de Rougemont (presenies par 

M. Bariciy), Rev. de la Inhere., IBJfl, 11: SSO . — 
( V. Leites) 

Effusion Complicating Pneumothorax. — 
During the last three years, in the Sarratorium 
El Feral in Santiago, Chile, there were 
observed 110 cases of serous exaidate as a 
complication of artificial pneumothorax. The 


unnamed authors follow a cIa.ssification, in 
which they distinguish between (I) serous or 
Fcro-fibriirous, (2) purulent or seropurulent 
and (S) mi.xcd purulent exudates. This 
somewhat arbitrary distinction has been 
found of great value for determining the 
therapeutic procedures to bo followed. Those 
have to be based on the microscopic aspects of 
the fluid and on the .state of the undcrlvdng 
pulmonar\' lesion. In all cases of frank 
emjiycma the lung has to be expanded 
actively, rnpidlj' and at once, regardless of 
the clmnicter of tlie parenchymal lesion. In 
addition, in mixed c.xudatcs, pleural lavages 
with antibiotics are given. In serous c.xu- 
dates, the treatment depends upon whether 
the pneumothorax is considered efficient for 
the treatment of the disease. Of the 110 
cases with serous exudate studied, G1 were 
treated for an average of 3.1 montlis with 
lavages of plij-siological saline weekly or 
bi-wcckl 3 '. The ultimate object was to cure 
the pleural complication and to presen’C the 
puhnonarj’ collapse. In 4 (0.5 per cent) cases 
a cure was so obtained. All other cases did 
not benefit from the treatment: 17 (27.9 per 
cent) for progressive S3'mphysis, 22 (3G.1 per 
cent) for persistent effusion, and IS (29.5 per 
cent) for development of empj'ema. The 
therapy was then discontinued and active 
reexpansion of the lung was started. Where 
cmpj'cma developed, it did so in an average 
of 2.4 months from the beginning of the treat- 
ment for the exTidate. In 21 of the 22 cases 
with chronic serous effusion the pulmonary 
e-xpansion with consequent cure of the pleural 
complications was obtained in an average of 
3.5 months, whereas in the group with puru- 
lent effusion (IS) only 7 responded with a 
complete ree.xpansion. In 11 cases the c.xpan- 
sion was partial only, and chronic encapsulated 
empyema persisted; 49 cases were treated 
with immediate ree.xpansion, as the collapse 
of the lung was inadequate. Of these, 21 
developed a frank empyema, in 10 of which 
the lung reexpanded completely in an aver- 
age of 5.5 montlis. The remaining 11 re- 
expanded partially only. Of the 28 serous 
exudates, 25 responded with total ree.xpansion 
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after 3.1 months of treatment; 3 did not re- 
expand. In both groups there was practicallj' 
no difference in the final results. The average 
time required for reexpansion was much less 
in the serous than in the purulent cases. Fur- 
thermore, there is no significant difference be- 
tween the transformation of serous fluid into 
empyema in the group with immediate active 
ree.xpansion (42.S per cent) and the group in 
which maintenance of pneumothorax for ther- 
apeutic reasons was attempted (29.5 per cent). 
The repeated small traumas by aspiration and 
lavage, then, cannot be the cause for the em- 
pyema. There were 100 exudates examined 
for acid-fast bacilli; 402 by direct smear, 370 
by culture, and 24 by animal inoculation. In 
54 (50.9 per cent) tubercle bacilli were found. 
Of these, 40 fluids were found positive only 
after more than four examinations. An em- 
pyema ensued three times as often in those 
with tubercle bacilli in the fluid as in those 
without. — Algunos aspedos dc la evolncion dc 
los exridados serosos quo complican el nctmo- 
iorax terapenlico, Bol. d. Hasp. -San. “El 
Feral,” April-Odober, 1946, 6: 17. — (TF. 
Stdenly) 

Clicking Pneumothorax. — In some pa- 
tients with a left pneumothorax, a clicking 
sound may be heard wliich is sjmehronous with 
the heart beat and is often audible at a dis- 
tance from the patient; the author describes 
2 cases in which this phenomenon was noted. 
In both cases, the sound persisted for many 
months after the pneumothorax had become 
well established; eventuall 3 ’' it disappeared. 
Various theories of origin are discussed. Tlie 
author believes that the sound is produced bj' 
the lingula being flipped against the anterior 
chest wall by the cardiac impulse. The sound 
was produced in this manner in a cadaver. — 
Clicking Pneumoihorax, Tf''. Fox, Lancet, Feb- 
ruary 7, 194S, 1: 210.— {A. G. Cohen) 

Artificial Pneumoperitoneum. — One hour 
after induction of pneumoperitoneum for 
tuberculosis, the patient developed pain in the 
left groin. Tire scrotum soon became swollen 


with air. This subsided in nine daj's, after 
which refills were continued. It is believed 
that the cause was a traumatic opening of an 
anomalous processus vaginalis. — Scrotal Pneu- 
inoccle as a Transient Complication of Artificial 
Pneumoperitoneum, TF. A’’. Rogers & J. V. 
Garrett, Brit. J. Tuberc., July, 1947, 41: 70.— 
(A. G. Cohen) 

Pulmonary Congestion and Distensibility. — 
Tlie effect of pulmonarj' congestion on the dis- 
tensibility of the lungs was investigated in 
both the isolated lung of the dog and in the 
open-chest animal. The degree of distensi- 
bility was derived from the corresponding in- 
creases in intratracheal pressure produced by 
inflation of the lung with knomi volumes of air 
and, in the isolated lung, also from clranges 
produced bj' lung inflation upon the ratio of 
intratracheal to “intrathoracic” pressures (the 
latter being the pressure in the chamber in 
which the lung was enclosed). In the isolated 
lung, injections of known volumes of heparin- 
ized blood into the pulmonary artery resulted 
in a diminished distensibility of the lung. 
Withdrawal of this blood caused a return of 
the distensibility toward its control level, thus 
demonstrating that the decreased distensi- 
bility was due to intravascular blood rather 
than intraalveolar transudate. In the open- 
chest dog, compression of the pulmonary veins, 
producing pulmonary congestion, also resulted 
in a decrease in distensibility of the lung. Re- 
lease of the compression caused a return of the 
distensibilitj' toward its control level. Aortic 
compression, another method for producing 
pulmonary congestion, also diminished pul- 
monary distensibility. Improvement in pul- 
monary distensibility occurred after compi-es- 
sion of the main pulmonary artery, after 
partial compression of both venae cavae, and 
during the development of shock toward the 
end of the experiment. Tliis studj’’ demon- 
strated that the distensibility of the lungs 
varied in an inverse manner with the amount 
of blood in the pulmonaiy vessels. (Authors’ 
summarJ ^) — The Effect of Pulmonary Vascu- 
lar Congestionon the Distensibility of the Lungs, 
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I. ?i[ach, M. Grosman & L. N. Katz, Ain. J. 
Physiol, October, 19^7, ISO: 654.— {G. C. 
Lcincr) 

Dissociated Paralysis of Diaphragm. — Four 
months after a second right phrenic crush, 
supplemented by pneumoperitoneum, it was 
found that the anterior and mid-portions of 
the hemidiaphragm remained paralyzed and 
showed slight paradoxical motion; the lateral 
and posterior portions, however, had regained 
full function. At operation, no accessory 
fibers had been noted. Tlie author believes 
that in this case, the fibers in the phrenic ner\'e 
were so arranged that one p.art was more 
thoroughly crushed than the other. This 
phenomenon has therapeutic implications. 
Since most tuberculous lesions are posterior, 
premature resumption of function of this posi- 
tion of the hemidiaphragm could have un- 
favorable consequences. — Dissociated Paraly- 
sis of Diaphragm following Phrenic Crush and 
Pneumoperitoneum, TT. Fox, Thorax, March, 
194S, 3: 15.— {A. G. Cohen) 

Pulmonary Emphysema. — Pulmonary em- 
physema is a functional disease of the lungs 
in winch there is marked interference with the 
diffusion of oxygen and carbon dioxide. 
“When impairment in tliis function may be sub- 
stantiated with symptoms and X-ray evi- 
dence of pulmonary emphysema, a definite 
diagnosis can be made. Without demonstra- 
tion of impairment in diffusion of oxygen and 
carbon dioxide despite dyspnea and/or roent- 
genographic evidence of overdistention of the 
lungs, emphysema may only be conjectured. 
Symptoms of dy'spnea may occur with normal 
lungs when ventilation is reduced. Similarly, 
overdistention of pulmonary segments, which 
may reduce ventilation, does not necessarily 
impair the interchange of gases. Bullae and 
blebs result from overdistention of alveoli near 
the pleural surface of the lung and may erist 
in otherwise normal lungs. Emphysema is 
not a necessary accompaniment of such pheno- 
mena. Overdistention of the lungs does not 
always bring about a loss of diffusion function; 


in fact, there is little exact knowledge concern- 
ing what actually' happens in lung tissues 
which causes impairment of its ability to dif- 
fuse oxygen and carbon dioxide. It is not 
known where emphysema is a primary or 
secondary disease. Nineteen case histories 
are given to illustrate the foregoing con- 
clusions. — A Nciu Approach to the Under- 
standing of Pulmonary Emphysema: A Method 
of Determining Emphysema of the Lungs, G. G. 
Ornslcin, Quart. Bull. Sea View Hasp., April, 
1947,9:89. — (P. Q. Edwards) 

Intrathoraclc and Venous Pressures. — In- 
trathoracic pressures are usually, recorded 
from air pockets, the values depending on the 
amount of admitted air. Intrathoracic pres- 
sures can be recorded by calibrated optical 
capsules through air systems with the intro- 
duction of only insignificant quantities of air. 
Anesthetized dogs were used for these experi- 
ments. The follo^ving conclusions were 
reached: "Records of intrapleural pressure 
from the upper regions of the left side and 
lower regions of the right side of the thorax 
consist of smooth curves of subatmospheric 
pressure which decrease further during in- 
spiration. Changes in these pressures are 
occasioned by modifications in tonus and con- 
traction of respiratory muscles, blood content 
of the chest, and elasticity of lung tissue. 
Records from artificial pockets around the 
right heart and in the left lower pleural spaces 
adjacent to the apex of the heart show super- 
position of conspicuous cardiac variations on 
respiratory variations. It is suggested that 
these superadded variations rather than dis- 
tortion of lung tissue by the heart and medi- 
astinum are responsible for the existence of 
somewhat higher pressures around the heart 
than in the pleural cavities. In order to com- 
pare variable pressures around the heart with 
constant pressures found in some pleural leads 
special methods for comparison were devised. 
Of several methods tried, the comparison of 
instantaneous pressures at the end of a selected 
diastole, or so-called Z pressure, is an adequate 
and simple procedure which is easily related 
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to atrial pressures as well. Comparison of 
such Z pressure.^ in various iutrathoi-acic re- 
gions reveals that pressures recorded from the 
right lower thoracic ca^dtJ’■ are only about 10 
inm. H 2 O higher than those derived around 
the right heart and change directionally with 
them. Since it remains a moot question as 
to which of these more closelj” approximates 
the true intrathoracic component, such records 
may certainly be used in calculating trends of 
effective venous pressure. The error involved 
is no greater than exists in most of our bio- 
logical data. Intrathoracic pressures recorded 
from the upper regions of the chest, from the 
whole left side or regions above the diaphragm 
and from the mediastinum, are unreliable for 
one reason or another .” — Regional Inira- 
tJwracic Pressures and Their Bearing on Cal- 
culation of Effective Venous Pressures, C. J. 
Wiggers, M. N. Levy, & G. Graham, Am. J. 
Physiol, November, 1947, ISl: 1 . — ((?. C. 
Ldner) 

Blood Gases and Bronchial Asthma. — ^The 
effect of a broncholytic spray (“Aleudrin,” 

1 per cent) has been tested by means of deter- 
mination of arterial blood gases. Fifteen 
adult asthmatic patients were observed, 7 of 
them on two different occasions. The follow- 
ing measurements were obtained: vital capac- 
ity, arterial oxygen saturation, carbon dioxide 
content, carbon dioxide tension, blood pH, and 
alkali reserve. These figures were computed 
both before and after administration of the 
drug by nebulizer over a two-minute period. 
It was found that most patients initially 
showed a low vital capacity combined rvith 
undersaturation of oxygen. Whenever the 
spray treatment was successful in increasing 
the vital capacity significantly, increase in the 
oxygen saturation towards normal was ob- 
served. With regard to the carbon diomde 
content, four different types of figures were 
encountered. One group showed lowered car- 
bon dioxide content with lowered oxygen 
saturation, and one group showed nearly nor- 
mal oxj’’gen saturation with low carbon dioxide 
content. In both groups the alkali reserve 
was nearly normal. The lowered carbon di- 


oxide content was due to hj'perveatilation 
in an effort to obtam better oxygen s.aturation. 
Treatment in these two groups raised the car- 
bon dioxide level and the pH w-as slightly 
lowered. The third and fourth groups of pa- 
tients demonstrated various degrees of com- 
pensated forms of acidosis. In the third group 
the oxygen tension was somewhat reduced, but 
the carbon dio.xide tension was normal or 
somewhat raised. Treatment raised the ox}'- 
gen tension, lowered the c.arbon dio.xide ten- 
sion, and raised the pH slightly. The fourth 
group showed considerable retention of car- 
bon dio.xide wth marked^' increased alkali re- 
serve, diminished oxygen tension, and a nearly 
normal pH. Although this form of acidosis 
was still compensated, treatment was not suc- 
cessful in materiallj’^ influencing the blood g.as 
situation, although oxygen saturation in- 
creased somewhat. Presumably the situa- 
tion m the lung was sufficiently pronounced 
and chronic so that not much benefit could be 
expected from antispasmodic treatment . — Der 
Oi -vnd CO. — Gehalt dcs arteriellen Elides hei 
Asthma bronchiole vnd seine Bceiflvssung durch 
cine brondiolyiischc Spray, F. Verzar & IF. 
Vocgtli, ScJiiccis. mcd. Wchnschr., September 
IS, 1947 , 77: 9S0.—{H. Marcus) 

Nitrogen in Blood. — The nitrogen content 
of arterial and venous blood was determined in 
dogs during inlialation of 99.6 per cent oxj-gen; 
the results were the same when the dogs were 
breathing a mixture of 5 per cent CO; and 95 
per cent 0;. The mean values at 0, 10, 20, 30, 
40, 60, ISO, 240, 300 and 360 minutes, respec- 
tively, were for arterial blood: 1.11, 0.2S, 
0.25, 0.22, 0.21, 0.21, 0.19, 0.16, 0.14, 0.12 vol- 
umes per cent; for venous blood, 1.12, 0.45, 
0.39, 0.34, 0.31, 0.27, 0.24, 0.20, 0.19, 0.15.— 
Nitrogen Content of Femoral Arterial and 
Venous Blood in Anesfhesized Dogs Deniiro- 
genated by Continuous Inhalation of 99.6 per 
cent Oxygen, L. Karel tfc R. E. Weston, Am. J ■ 
Physiol, November, 1947, 151: 71. — {G. C. 
Ldner) 

Cough as Symptom. — Cough is dependent 
upon a local stimulus which originates nerve 
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reflexes tlirouph the medulla. 'Die net of 
couphing: enn ho dhn'ded into three phases: (/) 
the inspimtorj’ phase, followed by (?) the com- 
jiressive phase which depends nj>on the closure 
of (he glotti-s niui an increase in the intmpul- 
mon.arj- pressure, immediately preceding ex- 
piration, and (5) the expiratorj* phase, when 
the TOcal cords and ventricular b.ands are 
quickly sci>aratcd and air is forced out with 
the production of characteristic cough sounds. 
Purpose of cough is the rcmo\’aI of mucus, in- 
flammatorj* c.\udatc, and any other material in 
the air passages. The rOle played bj* bron- 
chial movements during respiration is ex- 
tremely important in the removal of secretions 
from the air passages. Deep inspiration in- 
creases the motion of the btoncliial walls and 
this tends to move bronchLal secretions. Tlic 
tiegrec of mobility is practically negligible dur- 
ing quiet respiration, such as is obscived in 
narcosis, acute plcuris}*, and injuries to the 
chest. Ciliarj' function is also important in 
the elimination of secretions from the air pas- 
sages. It is more effective in the presence of 
thin than in thick secretions. Cough is a 
sjTnptom, and the cause must be determined. 
This maj' be common respiratory tract dis- 
ease, smoking, c.\posure to dust and fumes, 
extrarespiratorj' causes ("ear cough” or “re- 
flex .aural cough”), diseases of the nose and 
nasiil accessorj' sinuses, nasal or pharjaigcal 
obstruction, aspiration of food or fluid, and 
allcrgj'. Cough of functional origin occurs, 
but one must be careful to exclude all possible 
organic causes before arriving at this diagnosis. 
To determine the exact cause of cough, careful 
historj' and physical examination arc neces- 
sary. Examination of the ear, nose and 
throat, and chest, plus chest X-rays are 
usually indicated. Bronchography is indi- 
cated if there is any suspicion of increased 
bronchopulmonary markings suggesting bron- 
chiectasis. In the presence of a history of al- 
lergi', appropriate tests must be performed. 
Treatment must be directed at the cause of 
cough. Cough is necessary to rid the tracheal 
bronchial tree of excessive secretions, for ex- 
ample, in pulmonary abscess or bronchiecta- 
sis, and, in these, narcotics should be used 


sparingly, if at all. On the other h.and, in car- 
cinoma, cough is quite purposeless, and there- 
fore synrptomatic therapy and supprassion of 
cough may bo indicated. When cough is in- 
adequate due to thick tenacious secretions, so- 
c.allcd stimulating expectorants arc recom- 
mended. Inhalations of carbon dioxide and 
oxj'gon increase the quantity of sputum and 
have bceir highly recommended . — Cough as a 
Sgmptovi, L. II. Clcrf, M. Clin. Horlh Amer- 
ica, November, 19/^7, 31: 1S95. — (L. Hyde) 

Thoracoplasty Snrvoy . — The results of 308 
eases of thoracoplasty for tuberculous disease 
of the lung over a five-ywir period have been 
subjectetl to study. Best results have been 
obtained with unilateral involvement where 
the cxivitics were smallest and in the two age 
groups of 18 to 25 and dO to 45. The majority 
of deaths was due to progression of the disease 
three weeks to one j’’car postoperatively. The 
immediate mortality was 5.1 per cent within 
the first three daj's; the total mortality was 
24.G per cent, or 7G eases out of 308, corres- 
ponding to 11.0 per cent of a total of 6GS oper- 
ations. Worst results occurred in the group 
where pneumothorax had been tried and was 
complicated by a pleural effusion. The 
highest incidence of mortality remains in the 
group of contralateral pneumothorax patients. 
Concerning cavity size in relation to results, 
best results were obtained in the cases with the 
smallest caadties. In the 308 cases, 255 (82.7 
per cent) were unilateral, of which 133 (50.9 
per cent) were discharged as arrested, 32 (12.2 
per cent) were improved, 28 (11.9 per cent) 
were unimproved, G (2.3 per cent) became 
worse and 5G (21.8 per cent) died. In the 
group of 53 patients with bilateral disease, 26 
(49.0 per cent) were arrested, 4 (7.5 per cent) 
improved, 3 (5.G per cent) became worse and 
20 (37.7 per cent) died . — Survey of Thoraco- 
plastics at Sea View Hospital Over a 5 -Year 
Period {1937-1942), B. Krynski, Quart. Bull. 
Sea View Hasp., April, 1947, 9: 144. — {P- Q- 
Edwards) 

Thoracoplasty. — All thoracoplasty cases 
from 1935 to 1946 were reviewed. These was 
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performed in various institutions and b}* dif- 
ferent surgeons. A total of 633 cases were 
studied. Forty-five (7.1 per cent) could not 
be traced. Death occurred within four 
months in 17 (2.7 per cent) and later in 45 
(S.7 per cent). Present fitness for work was 
found to be: full in 375 (59.2 per cent), light 
in 35 (5.5 per cent), unfit in 53 (8.4 per cent) 
and not recorded in 53 (8.4 per cent). No 
cases of tuberculous empyema are included. 
The usual cause of early death was atelectasis 
on the operated side followed by spread to the 
other side. Hemoptysis was noted occasion- 
ally. Later deaths were usuall}' due to exa- 
cerbation of disease in the remainder of the 
lung or in the other lung or to nonrelated 
causes. The mortality to a large extent de- 
pends upon the type of cases selected. Most 
patients considered doing full work have fight 
jobs. Sputum reports are available in 457 
cases. Of these, 73 (16 per cent) remained 
positive. Cases with persistently positive 
sputum are not considered failures; bronchiec- 
tasis is a frequent source of bacilli. It is often 
difficult to determine cavity closure, even with 
the use of planigraphy. Nevertheless, cavities 
appeared to be closed in 91 per cent, — T/te Re- 
sults of Thoracoplasty in Pulmonary Tubercu- 
losis, T. H. Scllors, Thorax, December, 1946, 
2: Z16. — (A. G. Cohen) 

Treatment of Posfpleuritlc Tuberculosis. — 
Cases of tertiary tuberculosis, including those 
without demonstrable cavity and others m'th 
cavities but with negative sputum, were sub- 
jected to apical thoracoplasty where inacces- 
sible to pneumothorax. Four to five ribs were 
resected in one stage under local anasthesia. 
The results were superior to those obtained 
with conservative treatment . — Behandlung der 
Diskreten, Fruhiertiaren, Posipleurifsichen 
Liingenspifzeniuberk-vlose Durch Fruhzeitigc 
Spitzenplastik, W. Frochlich, G. deRham & 
S. Steil, Sdneeis. Ztschr. f. Tuberk., 1947, 4: 
125. — (b. Gerstl) 

Scapulectomy and Thoracoplasty. — In order 
to prevent the dev'elopment of extrapleural 
space infection following thoracoplasty, resec- 


tion of one-half of the scapula is recommended. 
This should be done before the rib resection; 
it gives a better operative exposure, makes re- 
traction of the scapula much easier and most 
of the trapezius and rhomboid muscles can be 
spared. Also, in case of very localized apical 
lesions, a one-stage thoracoplasty maj' then 
suffice; the upper three ribs are removed and 
enough of the fourth and fifth to allow for 
bedding in of the remamder of the scapula. 
With this technique, no patients developed 
extrapleural space infections. Once the space 
has become infected, scapulectomy is difficult 
to perform and does not produce the desired 
results . — Scapulectomy and Thoracoplasty, A, 
J. Coello, Brit. J. Tubcrc., October, 1947, 41: 
75. — (A. G. Cohen) 

Resection in Pulmonaiy Tuberculosis. — 
Twenty-nine cases of pulmonary resection for 
tuberculosis during the past five years have 
been reported from the Mayo Clinic. Indica- 
tion for resection was bronchostenosis in al- 
most half of the patients. All patients were 
either those in whom the usual collapse meas- 
ures had failed or whose lesions were not 
likely to respond satisfactorily to various sur- 
gical collapse measures. The immediate sur- 
gical mortality rates were low; 2 deaths in 15 
pneumonectomy cases, none in 14 lobectomy 
cases. Late deaths from extensive spread 
were one each in the 2 types of resection. TJie 
use of streptomycin in the immediate pre- 
operative and early postoperative periods to 
protect against spread has been encouraging. 
Development of streptomjmin resistance im- 
poses a serious limitation in the usefulness of 
the drug in controlling late spreads. Nine- 
teen of tlie 29 patients reported in this series 
are clinicafly well vith negative sputum, 4 are 
dead and 5 have active lesions. One patient 
is untraced. Ulceration in the bronchial 
stump is not a serious complication. This 
has occurred in 3 patients with preexisting 
bronchial tuberculosis and in each case was 
responsible for positive sputum postopera- 
tivelj'. In 2 cases the ulceration i-esponded 
promptly to local treatment with siiv'er ni- 
trate or intramuscular streptomycin and in the 



ABSTRACTS 


23 


third it has been kept intermittently active 
for a year by a silk suture in the bronchus. 
In view of the poor results that are anticipated 
with thoracoplasty in these patients, the re- 
sults of this series seem to justify the conclu- 
sion that resection has an important place in 
the treatment of pulmonaiy tuberculosis. — 
Eesedion in Pulmonary Tuberculosis, 0. T. 
Clagett & W. D. Seybold, Proc. Staff Meet., 
Mayo Clin., February IS, 194S, 23: 81. — (P. 
Q. Edwards) 

Calcified Pulmonary Foci. — total of 1,476 
children were examined. Of these, 1,050 were 
contact cases and 426 were examined because 
of symptoms. The examination consisted of 
a patch test followed, if negative, by an intra- 
cutaneous test. X-rays were taken in 1,100 
cases. Calcifications were seen in 105, of 
which 18 were in the lung, 21 in the lymph- 
nodes and 66 in both. The right limg was in- 
volved twice as often as the left. Only one 
had a negative intracutaneous test. No chil- 
dren imder 2 years of age showed calcifica- 
tion; there was a progressive increase in inci- 
dence above that age. The contact children 
showed a higher percentage of calcification 
than the noncontacts. It was concluded that 
intrathoracic calcification in the population 
studied indicates per se a past tuberculous in- 
fection . — Calcified Foci within the Thorax of 
English Children, B. C. Thompson, Thorax, 
March, 1948, 3: 43.— (A. G. Cohen) 

Bronchial Tuberculosis. — ^Bronchoscopy has 
contributed definite and useful data to our 
knowledge of tuberculosis of the bronchial 
tree. According to Derscheid and Touis- 
saint, it spreads principally by way of the sub- 
mucous lymphatics. We know now that 
tracheobronchial tuberculosis may be primary 
.or secondary. The former is rarely accom- 
panied by active pulmonary lesions. The lat- 
ter, according to most statistics, complicates 
pulmonary tuberculosis in 10 to 30 per cent of 
cases. The lesions most commonly formd, in 
order of their development, are: (1) submu- 
cous infiltration with thickening, hyperemia 


and granular aspect of the mucosa; (3) ulcera- 
tion; (S) cicatricial stenosis or fibrosis. All 
three types of lesion are, in most cases, found 
only by the bronchoscope. The existence of 
bronchial tuberculosis may be suspected from 
the presence of “wheezing,” of sonorous rfiles 
or of laryngeal crepitations. They suggest 
narrowing of the respiratory passages. The 
presence of tubercle bacilli in rather abundant 
sputum with absence of pulmonary lesions as 
indicated by auscultation and X-ray exami- 
nation suggests bronchial tubercirlosis. Hypo- 
ventilation of the lungs, more or less tempo- 
ary, may be due to atelectases of greater 
or less extent from plugging of narrowed 
bronchial tubes by thickened mucopurulent 
secretion. Febrile episodes, without apparent 
cause, sometimes have their origin in bronchial 
lesions. The author reports three cases in 
some detail. The first was a typical example 
of primary bronchial tuberculosis which was 
quite extensive while the pulmonary lesions 
were limited. The bronchial lesions became 
cicatrised but did not entirely prevent the 
passage of air. The general state of the pa- 
tient improved after large doses of vitamins A 
and E) were given. The prognosis in this case 
was considered questionable. In the second 
case the bronchial lesions were secondary to 
extensive pulmonary disease. The right limg 
had become completely atelectatic. Pain be- 
hind the sternum in this case was relieved to 
some extent by pneumothorax on the left side. 
No attempt was made to dilate the constricted 
right bronchus by bougies, a procedure which 
the author considers urrsafe and ineffectual. 
The third case was at first mistaken for one of 
■asthma, and was not recognized as tuberculorrs 
for two years. In the mean time parenchy- 
mal involvement had occurred. The stage of 
cicatrization of the bronchial lesions had al- 
ready been reached. In conclusion the author 
states that the prognosis of bronchial tuber- 
culosis is always questionable and depends 
on two factors: first, the degree of evolution 
of the bronchial lesion which in certain cases 
is progressive toward a fatal outcome, and 
secondly, the amount of healing of cicatricial 
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stenosis that has occurred. The presence of 
bronchial tuberculosis always makes decision 
as to the advisability of collapse therapy 
somewhat difficult. It is contraindicated in 
primaiy bronchial tuberculosis as it renders 
the probability of complete stenosis more 
certain. If ulcerative parenchymal lesions 
dominate the clinical picture it may be used, 


but with less prospect of success than if the 
bronchi were not involved. Ihe results of 
local treatment of bronchial lesions with 
adrenalin, nitrate of silver or electric coagula* 
tion have, in the author’s experience, not 
been entirely convincing. — La tuberculose 
bronchique, A. Gyselen, Rev. beige dc la tuberc,, 
No. S, 1947, 38; SOS.— (A. T. Laird) 



PULMONARY AFFECTIONS OF OCCUPATIONAL ORIGIN^ 
RUTHERFORD T. JOHNSTONE^ 

INTRODUCTION 

The shadows cast upon the roentgen film, if incorrectly analyzed, may, 
figurativelj'^ spealdng, grow into a dark and inescapable cloud overshadowing the 
mind of the patient whose films have been misinterpreted. Probably no phase 
of roentgenographic interpretation is as frequentl3’^ inaccurate as that of the chest 
films of the industrial worker. There seems to be a tendency, indeed even a 
desire, on the part of the ine.xperienced phj^sician to read into the chest films of 
those exposed to chemicals or dusts certain pathologic findings which are not 
actually present. Manj'^ a worker vdth a healthy chest has been told that he has 
some sort of an “-osis.” A few scattered calcified nodules or a minimal increase 
of the perivascular marldngs are often given unwarranted emphasis, and the 
vmrkman is induced to withdraw' from a good job. The situation recalls the 
admonition of Pancoast, who once remarked “Let’s not talk about the normal 
chest. . . . We probably see normal chests only in children. . . . Let’s speak about 
the bealth3>- chest.” 

There is an old axiom that the diagno^s of .pneumoconiosis is dependent upon 
the roentgenographic findings. While it is true that roentgenography consti- 
tutes the final step, the tendency to base the diagnosis of an occupational pulmo- 
nary disease upon chest films alone is apt to lead to erroneous conclusions, as will 
be exemplified in subsequent illustrations. .In the diagnosis of pulmonary affec- 
tions of occupational origin in each individual case, experience in radiology must 
be combined with knowledge of pathology and physiology and familiarity mth 
the chemical properties of the alleged offending agent. With the introduction 
of new chemicals into industrial processes and with the recently discovered 
adverse reaction of the lungs to certain silicates, it seems opportune that this 
whole subject should be brought to the attention of the general practitioner, the 
radiologist, and the “chest specialist.” 

DIAGNOSIS 

In the approach to the diagnosis of pulmonary affections of occupational origin, 
the following points must be considered. 

History: In no other phase of medical practice is the complete history of the 
patient’s lifetime employment as important as it is in occupational medicine. 
The physician must elicit with meticulous insistence each and every activity the 
workman has engaged in since he left school. An illustration of this point is 
afforded by a case known to the writer of a patient whose signs and symptoms 

‘ Note : This review was prepared at the request of the late Doctor Pinner. Some of the 
material and illustrations are taken from the author’s recent book, Occupational Medicine 
and Industrial Hygiene, C. V. Mosby Co., publishers. [The Editors] 

2 727 West Seventh Street, Los Angeles 14, California. 
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indicated that he iiad bronchial asthma. A hi.s(,orv was obtained to the effect 
that the man was currently working as a baker and had been so engaged for the 
past six years. The history furt her revealed t hat for two years prior to being a 
baker he had been an apartment house manager. Roentgenograms sliowed 
moderately diffuse fibrosis with evenly scattered nodulation of the lungs. In 
reporting the case to the Industrial Accitleni Commis-sion of Califoj'nia, the 
physician correctly attributed the asthma to sensitivity to flour dust, but in 
ascribing the fibrosis and nodulation to the same agent he was definitcl}' in error. 
Had a competent history of employment been obtained at that time, it would 
have jdelded the information that from 1019 to 1939 the patient had been a hard 
rock miner, and, as such, had been exposed to free .silica, the cause of fibrosis 
and nodulation. 

The nature of the alleged offending substance: Tlie ease briefly described above 
also serves to illustrate the necessity of ap]>reciating the potential liarnifulness, 
or the 2 'clative inertness, of an}' given substance to which a workman has been 
exposed. It must be recognized whether a dust or chemical is an irritant, a 
corrosive, or an allergen. Inert substances must be differentiated from noxious 
agents, and free silica must be distinguished from the silicates. 

The vast majority of all substances found within an industrial environment 
cause no appreciable harm to the pulmonary tis.suc. Regarding the industrial 
chemicals, the physician should learn to classify these according to the physiologi- 
cal reaction which the}' call forth, namely the asphyxiants, the ii'ritants, and the 
anesthetic gases. The asjjhyxiants pass through the lungs without causing 
damage, but attack other sj'stems of the body. The irritants affect the upper 
respiratory tract and onl}' rarel}' the lungs. i\'Iost substances in the anesthetic 
group, after being inhaled, affect the central nervous system, the liver or the 
lddne 3 'S. A considerable number of chemicals maj' produce anemia. 

Ammonia, which is an irritant, will cause intense congestion and swelling of 
the upper j-espiratoiy passages. The effect may be so severe as to cause death 
from spasm, or edema of the larynx. If, however, the patient sundves, there 
ma}' be little or no serious consequences, as the deeper structures have not been 
affected. Phosgene, or nitrogen dioxide, on the other hand, will cause either no, 
or only insignificant, irritation to the upper respiratoiy passages, but these gases 
may induce pneumonia or edema of the lungs through their action upon the 
alveoli. 

Likewise, the oxides of metals, when inhaled, vary in their action. Lead o.xide 
does not harm the lungs, whereas cadmium oxide or certain forms of beryllium 
ma}' produce a profound chemical pneumonitis. The correct evaluation of these 
peculiar reactions will prevent unwai'ranted assumption in the diagnosis. 

Recently a recognized internist referred a case to the writer,, accompanied b}' 
Some roentgenograms and a note which stated, “. . . the bearer, after worldng 
some years in a lead mine, has developed lead poisoning. He has not responded 
to treatment although the X-rays reveal heavy deposits of lead.” The referring 
physician had been deceived by the word dead’ in the occupational histon'. He 
should ha\'e Icnown that lead is not deposited in the pulmonary tissue to become 



OCCUPATIONAL PULMONARY AFFECTIONS 


377 


recognizable on the chest films. Actually, the patient had advanced silicosis 
(figure 1). This example maj'’ seem exaggerated, but it is nevertheless true and 
illustrates the point that, unless other related factors are also taken into con- 
sideration, the roentgenograms maj'- become a diagnostic pitfall. 

Concerning the harm which is apt to result from the inhalation of industrial 
dusts, consideration must be given to the factors of weight, particle size, and 
concentration, as well as to the chemical nature of the dust. It is not amiss to 



Fig. 1. Far advaiicod silicosis with tuberculosis. Films reveal marked fibrosis, diffuse, 
fuzzy nodulation, and areas of conglomerate nodulation, especially in right upper lobe. 

point out that for a dust to be inlialed it must be extremelj’^ light, so light that it 
floats or remains suspended in the breathing zone of the exposed worker. It 
must be minute in size and highlj’' concentrated. Because it fails to meet tliese 
qualifications, the ordinary dust is unable to pass the protective meclianism which 
nature has provided. 

The factor of inertness: If, howevei', a dust does get by nature’s protective 
mechanism to enter the lung, its cliemical properties determine tlie reaction 
which it will call forth. The majority of all inlialed substances arc chemically 
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inert, within the pulmonary tissvie. Therefore, unless an inhaled substance is 
capable of setting up a proliferative fibrosis, no harm will result. Herein lies the 
great dilTerence between free silica and asbestos, and other dusts. (Chemical 
pneumonitis will be given separate consideration.) As the majority of all dusts 
are incapable of causing any appreciable fibrosis, they have been designated as 
benign. A benign pneumoconiosis is a condition wherein there may be some in- 
significant fibrosis, but never true nodulation. It causes no symptoms, no 
disability, and docs not predispose to tuberculosis. 

Despite the fact that the term “benign pneumoconiosis” is well understood by 
the experienced physician, its indiscriminate application is regrettable. The 
suffix “-osis” is confusing and conjures up a parallelism with silicosis. The 
innocent markings of a benign pneumoconiosis frequently lead to the assumption 
that a healthj'' chest is in fact a diseased chest, a mistake referred to in the opening 
paragraph of this article. Because of the frequency of this confusing error, the 
distinction between benign pneumoconiosis and disabling fibrosis should be 
clearly pointed out. The inert or benign dusts will therefore be briefly discussed 
prior to the consideration of certain harmful industrial dusts. As Ihc inert dusts 
are legion, onlj' a very few of them can be mentioned here. 

Iron Dust 

Inhalation of iron dust will, after a number of years, produce a pigmentation 
witliin the lungs and on the lung surfaces, recognizable on the roentgenograms. 
This change, termed sidcrosis, causes a radiological pattern more nearlj’’ simu- 
lating silicosis than that of an}' other inert dust. Yet the picture of uncompli- 
cated siderosis is sufficiently distinctive to make it discernible from silicosis. 
The pigmentation marks are round, sharply defined, and widely distributed 
throughout the entire lung fields. In siderosis, the liilar shadows are not en- 
larged, no confluent nodulations are apparent, and the shadows remam imchangcd 
after years of implantation. These pigment deposits do not produce any reactive 
fibrosis. Sander (1) compared the innocuousness of iron pigmentation in the 
lungs to tattoo pigmentation in the sldn. In siderosis, the light behind the film 
in the view box gives a certain brillance to the discrete nodules, whereas in 
silicosis the nodulation is fuzzy and dull in appearance. 

A case which came to the attention of the author will serve to emphasize the 
preAuously made contention, that it is necessary to consider other factors rather 
than to attempt a diagnosis based on roentgenograms alone. A male, 28 3 ’-ears 
of age, had been a grinder for seven years. Roentgenograms taken at the time 
of his physical examination for military service produced findings which caused 
his rejection, although he was in e.xcellent health and free of s 5 'mptoms. He 
sought the advice of his physician, who informed him that he had silicosis. 
Alarmed, he requested a change of position, a demand which led to liis being 
referred to the insurance carrier’s doctor and to several other consultants. Each 
time the diagnosis was that of silicosis. No attempt was made to evaluate his 
worlving exposure. When this was finally done, an analj'sis of the dust in the 
atmosphere showed it to contain G5 per cent iron oxide. No free silica was found 
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in the air analj^sis, nor did the grinding substance or the material being ground 
contain silica. An X-ray diffraction of the material also failed to disclose any 
silica. In figure 2 may be seen a chest film of the patient taken in 1943. In 
figure 3 may be seen a roentgenogram taken in 1946. It will be noted that the 
pattern remained unchanged in the two films, although they were taken several 
years apart. 



Fig. 2 Fig. 3 


Fig. 2. (Left) Siderosis. Film reveals diffuse, sharply defined, round and discrete 
pigmentations. No reactive fibrosis present. Film taken 1943. 

Fig. 3. (Right) Siderosis. Film of same patient as shown in figure 2. After three 
years (1946) there has been no change in the X-ray markings (allowance is to be made for 
the factor of a different technical development of the two films). 

Cement Dust 

Cement dust has been chosen for discussion because it illustrates so well the 
inertness of a very common dust. The writer examines semiannually the workers 
in a Southern California cement industry. Many of these, men as well as women, 
have worked many years for the company. Not once has there been a case which 
revealed any significant degree of pneumoconiosis, even though these individuals 
work without protective respirators. In figure 4 may be seen the chest film of 
a Mexican male who has worked for this company for 22 years, yet whose roent- 
genograms fail to disclose any evidence of significant pulmonary changes. 

At the request of the Portland Cement industry, the Saranac Laboratory, 
under the guidance of the late Leroy Gardner, conducted in 1935 a surrmy among 
cement workers which was reported in its entirety only in 1939 (2). Over two 
thousand workers were examined, 70 per cent of whom had been employed for 
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periods varying from ten to fifty years. Of the roentgenograms, 82.06 per cent 
showed no abnormalities of any kind, 17 per cent revealed a certain degree of 
linear exaggeration. Further analj-sis indicated that about one-half of this group 
had been exposed to dusts other than cement prior to being employed in the 
cement industry. No nodulations were seen in the films of those workers who 
had been e.xposed onl,y to cement dust. 

The Saranac Group also im'estigated the relationship between dust exposure 
and the susceptibility to tuberculosis, bronchitis, and pneumonia. From tlieir 




Tig. 4. I'ilm of worker exposed to cement dust for twenty-two yenrs. Slight increase of 
perivascular markings but otherwise negative film. 

study it wa.s concluded that prolonged inhalation of cement dust does not render 
the workers more susceptible to tuberculosis, pneumonia, or bronciiitis, tind that 
the incidence of these diseases is no greater timong cement workers than in the 
general population. The conclusion that cement this! is hiirmicss is etimilly 
applicable to most other inert dusts. 

Cotton Dust 

Cotton dust is a benign du.rt which jnoduccs no api>reciable fibrosis, but is 
capable of being allergenic. Hyssinosis is a peculiar rcspinitory affection result- 
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ing from the iulialation of cotton fibers and is characterized the signs and 
S3miptoms of asthma and bronchitis. The writer reported such an instance in 
1941 in the book, Occupational Diseases ( 3 ). In cases of prolonged exposure to 
cotton dust, recognizable fibrosis is noted. The cause of the pulmonaiy disturb- 
ance, however, is a fungus or mold identified as aerobacter cloacae. After 
investigating the cotton mills of England, Collis ( 4 ) concluded that occasional 
severe epidemics of coughing among the workei's were due to mildew and molds, 
and that these molds were Penicillium glaucum, or Aspergillus glaucus. 

Bagassosis 

Bagassosis is a term apphed to a sjmdrome resulting from exposure to bagasse, 
the residuum of sugar cane after the sugar has been extracted. The substance 
is used in the manufacture of insulating boards. In the process, bales of bagasse 
are crushed b}* machineiy with the evolution of much fine, diy dust. 

After several months of exposure to this dust, men develop rather suddenlj’- a 
cough productive of a foul-smelling sputum, dj'spnea, and often retrosternal pain. 
This condition continues for seA’^eral months after removal from e.xposure, but 
eventual recoveiy takes place. It is believed that the cause of this pulmonary 
disturbance is due to an antigen in the bagasse. No definite roentgen picture 
has as j'et been established. 

Fiberglas 

Fiberglas (wool glass, mineral wool, etc.) is a comparativelj" recent industrial 
product and information regarding its action upon the lungs has not 3'et found its 
wa3'' into the general medical literature. The name and the physical appearance 
of this substance are such as to lead workers and physicians to believe that it is 
bound to be harmful to the lungs. Chemicalh’’, this material contains no free 
silica and its ph3'^sical characteristics render it non-respirable. Because of the 
impression created b3’’ earl3’- erroneous ideas about the harmfulness of fiberglas, 
extensive animal experimentation was carried out and numerous surve3's of 
exposed men were conducted. These all revealed no evidence of pulmonaiy 
damage. 


Other Inert Dusts 

Lack of space forbids the consideration of other industrial dusts such as carbon, 
calcium carbonate, magnesium carbonate, tobacco, sugar, and a m3Tiad of others 
which are encountered in an industrial emfironment. Grain or malt dust, for 
instance, could be mentioned as the cause of a peculiar condition Icnown as “grain 
fever.’' Here again, work in the grain industiy b3' itself produces no appreciable 
fibrosis, but there often occurs a foreign protein reaction similar to that found in 
metal fume fever. New workers, or those beginning a new season, are frequentiv 
affected during the first few da3'S or Aveeks of e.xposure. 

In closing the discussion on the inert dusts, it is hoped that one point has been 
thoroughh’^ appreciated, namel3', that these dusts have been designated as inert 
because the3’' fail to produce an3^ appreciable degree of fibrosis. I^Hule it is not 
to be denied that on the chest roentgenograms of those exposed in terms of years 
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thcfe will frcijncutly be noted i\ slight increase of the perivasenlav markings, or 
even minimal fibrosis, it should be made quite clear that this condition is not 
disabling, never progresses to true nodulation, and that it does not lead to dis- 
abling fibrosis. 


Silicates 

Silicosis and asijcstosis are not included in this article as the readers of this 
journal are familiar with the various aspects of these diseases. It should be 
mentioned, howe\’'er, that within the past few years the jjrofession has been 
startled b.y reports of a di.sabling pneumoconiosis occurring in men exposed to 
certain silicates which heretofore were considered inert. 

Bauxite 

Bauxite is hydrous aluminum oxide. The inhalation of aluminum dust has 
heretofore ne^’er been considered harmful to the lungs. Reports from the 
Aluminum Company of America indicate that its woi-kers have been exposed to 
varying degrees of concent ration of this dust over a period of manj’^ years without 
evidence of any significant pulmonary damage. In recent years, the use of 
aluminum powder or dust in the prevention and/or treatment of silicosis has been 
enthusiastically ad\'ocated by some investigators, although many authorities 
have voiced considerable doubt as to its effectiveness. This is not the place to 
enter into this controversy, but it can be said that seeminglj' no harm has resulted 
from the proph 3 dactic or therapeutic use of aluminum powder in nontuberculous 
workmen. 

In 1942, C. G. Shaver, Superintendent of the Niagara Peninsula Sanatorium, 
noted an unusual pulmonaiy condition in a 33-3'ear-old male who for eight j'ears 
had been working as a furnace tender in a nearby bauxite plant. The patient 
was not seriouslj^ ill, but roentgenograms disclosed a “peculiar shadowiiigand a 
pneumothorax.” At first, his occupation was not considered relevant to the 
findings. Although it was believed that the changes were due to an infective 
process, the patient did not react to tuberculin and sputum tests as well as 
cultures failed to reveal the presence of tubercle bacilli or anj'- other recognized 
disease-producing organism. Several months after observing the first patient, 
two additional cases came to the attention of Doctor Shaver. These two men 
displaj^ed diffuse shadowing and bilateral pneumothorax. No more cases were 
seen until 1944, when three additional workmen presented the same sjmdrorae. 
It was then that Doctor Shaver enlisted the aid of Doctor Riddell and Doctor 
Cunningham, of the Industrial Hj’-giene Dhdsion of the Department of Health, 
of Ontario, Canada, for a smwey of the bauxite industiy. 

In the process of manufacturing abrasive material, bauxite is mixed with iron, 
coke or coal, and other ingredients, and then shoveled into large pots. This 
mixture is subjected to a temperature of two thousand centigrades, when large 
carbon electrodes are lowered into the pots. During this process, dense wliite 
fumes are evolved which, despite the existing exhaust s.ystem, escape to some 
extent into the atmosphere inhaled bj’- the furnace tenders, crane operators, and 
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otlior workers in the iinniedinle vieinity of tin* fiirnnees. Analysis of llie fume 
showed it to etmtain fit) ])er cent alinninii and 2") i)er cent silica, togellicr witli 
small amonnts of inert material. 

In the neif^hhorhood of Niagara (Canadian side) four dilTerent companio.s are 
engaged in the manufacturing of this ahra.sive. A survey of these jilants revealed 
that of the 1,1)13 individu.als employed, only 3M were e.xposed to the fumes as 
they came from the electric furnaces. IC.vaminnlion of this group disclosed that 
3") workmen showed definite radiological evidence of this strange j)ulmonary 
di.'^ea.^e, while 13 others were classified as doubtful. Seven deaths had octairred. 
Not included in these figures is another group of workers, designated by the 
investigators as “early.” 

The .symptoms of this entity, which has been termed “Shaver’s Disease,” vaiy 
with the intensity of the pulmonary involvement . Early ctises nny' present only 
slight complaints or even no complaints at all. Invariably, the patients had 
noticed some degree of dyspnea prior to consulting a physician. A productive 
cough was also a rather early .symptom. .Sudden attacks of breathlossncss 
<':iused most of the patients to .seek medical advice. Those .sulTering from an 
advancefl stage of the disea.se complained of substermil pain, or of a tightncs.s in 
the chest, weakne.ss, fatigue, and .sleei)lc.s.snc.ss. 

In the geneijil j)hysicid examimitions of the earlier cases. Shaver and his group 
had noted no abnormal physical symptom.s. The chest signs were variable and 
largely dcpcndfKl upon the pre.sencc or ab.«cnce of pneumothoraces. In those 
with a considerable degree of pneumothorax the chest, exptinsion was limited, 
the pcrctission note showed imjwircd resonance over areas where the diaphragm 
had been elevated, whcre.as over the pneumothorax the percussion note was 
hyperresonant . Breathing was usually nipid and difficult, the breath sounds 
hoarse, and rales and rhonchi were invariably jn-esent. Prior to the roentgeno- 
logical discovery of pulmonary .symptoms, tachycardia and c 3 'anosis, in con- 
junction with snbstcrnal pain, had in some instances led to the mistaken diag- 
nosis of heart disease. 

Rocntgcnographic stmlies revealed certain findings common to the entire 
group. The diaphragm was irregular, tented, and frequent, I}'’ elevated; the 
mediastinal .shadow was expanded. There was a lace-like granular, bilateral 
shadowing of the lungs, more pronounced in the upper halves of the fields. 
Coarser shadows were noted in the more advanced cases. Emphj\sematous 
changes and ring-like .shadows characterized the advanced group. Distinct 
blebs were seen on the pleural surface of the collapsed lung (figures 5, 6, 7, S, 9). 
Doctor Shaver and Doctor Riddell point out that not one of the cases which had 
developed pneumothorax had developed a secondaiy infection in the pleural 
cavit}'-, nor did anj’ case demonstrate radiological evidence of complicating 
tuberculosis. 

Four cases came to autops.y. The lungs cut with considerable resistance and 
dense fibrous tissue was found to have invaded the lung substance. The fibrosis 
was more intense in the upper and middle portions of the lung fields, and appeared 
to fan out from the lung roots towards the peripher 3 ^ Emphysematous changes 
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were scattered throughout and occasional small cavity formations were seen. N o 
evidence of caseation or tuberculosis was encountered in any of the specimens. 
Microscopic studies showed profuse fibrous tissue formation, alveolar wall 
thickening, and marked emphysema. The fibrosis was interstitial in type and 
involved the interalveolar septa. 

Diatomaceous Earth 

The diatomaceous earth utilized for industrial purposes is acicular or needle' 
like in its formation. After being processed for industrial application, it is 
fluffy, exceedingly light and, because of these qualities, it is widely used as 
filters, fillers, and absorbents. The rubber, plastic, and fireproofing industries 
in particular have recognized its value. 

Crude diatomaceous earth is obtained by quarrying or open pit mining. 
After removal, the earth is sent to a mill where, by a special drying process, all 
moisture is removed. The material is handled with great care so that the 
diatoms may be separated from each other without destroying their individual 
structure. Then the separated diatoms are conveyed by air stream through a 
system of c 3 ’’clones, traps, and kilns, and finally packed for shipment. 

For many years it has been assumed that in the diatomaceous earth industiy 
workers do not develop any disabling fibrosis. This assumption was based on 
the belief that workers were exposed to an amorphous silica and not to the crystal- 
line form. Some j^ears ago, however, Lero}'^ Gardner at Saranac carried out 
experiments with diatomaceous earth and found that his animals developed 
silicotic nodules which, at first, he was at a loss to explain. At that time analysis 
of the raw material had to be carried out chemically. Later, when the X-ray 
diffraction method was employed, he found that, if diatomite is calcined with 
certain fluxes, a portion of the amorphous silica is converted into crystobalite, a 
crystalline silica which is the potent cause of silicosis. Upon making this 
discovery, Gardner believed that his original experiments had been made with 
calcined diatomite and had therefore caused the silicotic reaction. 

Subsequent experiments by Gardner with raw diatomaceous earth failed to 
produce fibrosis of the lungs. These studies were carried out with the amorphous 
form of silica. He then injected a calcined form, containing about 25 per cent 
crystobalite, and produced nodular fibrosis. Following his laboratory studies, 

Fig. 5. (Upper Left) Film of bauxite furnace tender taken JuU 1943. Both upper 
lobes show moderate fibrosis witli slight bilateral pneumothorax of the bases. 

Fig. 6. (Upper Right) Bauxite. Same worker as shown in figure 5. Showing corn- 
complete collapse of right lung. Taken December 1943. 

Fig. 7. (Centre Left) Bauxite worker. Film taken of same worker Maj^ 1944. Show- 
ing almost complete collapse of right lung with a faint shadow of a bleb on the pleural 
surface. Peak like tenting of right diaphragm. 

Fig. 8. (Centre Right) Bauxite worker. This is of a different patient than previous 
figures. It likewise reveals collapse of right lung with largo emphysematous blob. Left 
lung shows marked fibrosis tissue with a pleural bleb. 

I'lG. 9. (Lower) Bauxite. This film is of a third worker, which reveals considerable 
collapse of the riglit lung with basal fibrosis and marked deformity of diaphragm. Left 
apex collapsed, fibrosis and granular like shadowing on the left . 
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Gardner came to California in 1045 to make a further study of the diatomaceous 
earth industry. He conferred with phj'sicians and consultants engaged in caring 
for the men who worked with this substance, reviewed a collection of chest 
roentgenograms, and examined some of the workers. He later reported “silicosis 
is conspicuous by its absence.” He did note an appreciable amount of benign, 
nonspecific pneumoconiosis, “as one would expect to find in any group exposed 
for a period of time to any dust.” 

Despite Gardner’s belief in the innocuousness of diatomaceous earth, develop- 
ments in the past 3 ’ear or two stronglj'’ indicate that fibrosis with nodulation has 
occurred in some instances of exposure to calcined diatomaceous earth. In 
subjecting the amorphous earth to high degrees of heat, it is believed that a 
crj'stalline silica is released and that sv\ch an exposure is able to produce fibrosis, 
nodulation, and disability\ The action of heat upon the diatomaceous earth 
appears to produce certain changes similar to those noted in bauxite workers. 
Defiirite conclusions have not as 3 'et been formed, however, and further studj' is 
obligatoiy before a final verdict can be pronounced. 

The findings noted among bauxite workers, and possiblj’’ also among those 
working with diatomaceous earth, indicate that we maj' have to reconstruct our 
thinking regarding the inertness of certain of the silicates. It would appear that 
these silieates remain comparativelj’^ harmless until they arc subjected to high 
temperatures. Experimental e^^dence is available to the effect that amorphous 
silicas will jield ciystobalite when sufficientlj’’ heated. Bailej’’ (7) showed that 
diatomaceous earth, which originallj’^ in his sample contained “a trace of crys- 
tobalite, 2 per cent quai-tz, and a few per cent of feldspar,” also 3 ielded 
ciystobalite when heated at 1150 to 1200 C., especially in the presence of flux. 
Baile 3 ’’ indicates that uith certain fluxes, such as sodium chloride, the conversion 
of amorphous silicas to cr 3 'stobalite ma 3 ’’ take place at even lower degrees of 
temperature. Trid 3 Tnite has also been found in the converted substance. This 
factor of conversion b 3 '^ heat, therefore, confronts industiy vith a great hazard 
and one that demands better control measures than are now practiced. It is 
believed that in the pottery, ceramic, and refractor 3 '^ industries heat could produce 
disproportionately large amounts of ciystobalite, and even tnd 3 TOite. Both of 
these substances are apt to cause silicotic reaction much more rapidb’' than 
quartz. 

In addition to the industrial dusts which have been cited in this article, a few 
metals are capable of producing unusual pulmonary pathology. In a pimdous 
paragraph it was stated that the majorit 3 ’- of chemicals, if inhaled, will not affect 
the lungs. This is particularly true of the metals as a group. Attention is 
called, however, to two exceptions. 

Ber3dlium 

An unusual and puzzling pulmonary affection has been noted in the past few 
years among those exposed to beiyllium compounds. Reports from Italy, 
Germany, and Russia indicate that a strange form of pulmonary disease has 
occurred in industries where beiyllium had been used in some form. In 1943, 
Van Ordstrand ( 8 ) and his coworkers at the Cleveland Clinic noted the occur- 
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rence of a chemical pneumonia among workers engaged in extracting beryllium 
ore. At about the same time, Shilen and his coworkers (9) in Pennsylvania, 
reported a similar respiratory disturbance, and Hyslop et al., of the U. S.P. H. S. 

(10) concluded a study of the toxicity of beryllium and its acid radicals. Among 
others to report their obsen^ations of the disease have been Kress and Crispell 

(11) and Hardy and Tabershaw (12). 

Beryllium is a rather rare element, although it is widely distributed in small 
quantities in feldspar and mica . In a few localities it occurs as beryl , a beryllium 
aluminum silicate. Ber 3 d is the chief source of beryllium and beryllium com- 
pounds used in industry. It readily alloys with other metals. 

As yet no uniform name has been adopted for the disease. It was called 
berylliosis by Fabroni. Others have called it beryllium sarcoidosis, or pulmo- 
nary granulomatosis, while a majoritj’’ have merely designated the condition as a 
delayed chemical pneumonitis resulting from beryllium exposure. It is equally 
uncertain whether it can be attributed to the beryllium salts. It is now believed 
by most authorities that the disease stems from exposure to the acid radicals of 
beryllium, such as the fluorides and oxyfluorides. 

Clinical Features: A study of the various reports reveals that there does not 
seem to exist anj'’ relationship between the length of exposure and the time of 
onset of the disease, nor does the intensity of exposure seem to constitute a factor. 
In some instances the contacts were casual, intermittent, and of brief duration. 
In a personal communication Gardner wrote: “Certainly we have no reason to 
believe that the tissue reaction is directly proportional to the intensity or duration 
of exposure.” In a group of 17 cases reported by Hardy, 4 developed symptoms 
after a long period of employment in a common environment; a second group 
developed symptoms between three and eighteen months after leaving work, and 
a third group became ill as late as trvo or three years after cessation of exposure. 
Hardy Avas of the opinion that respiratory infection very often plays a part in 
producing the onset of beryllium intoxication. 

The symptoms of intoxication from beryllium or its acid radicals include 
wealmess, loss of Aveight, shortness of breath, anorexia, and a cough Avhich usually 
is not at first productive. With progression of the disease, dyspnea usually 
becomes marked and cyanosis is present. In some patients the gastro-intesti- 
nal symptoms may be more disturbing than the respiratory difficulty. In the 
physical examination of those affected A\dth this delayed chemical pneumonitis, 
cachexia is invariably noted, the breathing is rapid and shallow and the heart 
rate accelerated. Auscultation of the lungs is not likely to reveal significant 
changes. In later phases of the disease, rales may be heard in the bases or 
axillae. In one case of the AATiter’s experience, a pleural friction rub Ains heard. 
Some observers haA'^e encountered enlargement of liver and spleen. Van 
Ordstrand found in his group of cases a high incidence of contact dermatitis, as 
AA'ell as ulcers from splash burns. He also reported a chemical nasopharjmgitis 
and a chemical tracheobronchitis among the furnace tenders exposed to 
beryllium. 

In the differential diagnosis it is essential to exclude miliaiy tuberculosis by 
laboratorj' studies. Boeck’s sarcoid, although it presents some similarity in the 
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roentgenograms, can be eliminated by the occupational history as well as by the 
course of the disease. The roentgenograms may simulate silicosis, but the 
abrupt and early clinical on.sct of beryllium pneumonitis is not present in silicosis. 
Clinically, this chemical pneumonitis may simulate cardiac decompensation until 
roentgcnographic studies arc made. Likewise, it is not, uncommon to , find 
those patients refori-ed to tuberculosis sanatoriums for diagnostic study. Ibis 
M'orthy of note that in sub.sequent laboratory investigations the blood counts and 
sedimentation rates remain fairly normal and that no elevation of temperature 
occurs until the terminal stage. Xo bacteriologic evidence of tubercnlosis has 



Fig. 10 


Fig. 11 




Fig. 10. (Loft) Beryllium. Patient exposed to fluorescent powders. This shows finely 
granular and well distributed, particulate markings which cannot he called nodules at this 
stage (Aug. 12, 1946). Patient’s illness took place six months previously. Condition 
stationary. Has polycythemia, slight clubbing of fingers, and fairly marked jnilmonary 
insufficiency. (Courtesy Willard IMachle, M.D.) 

Fig. 11. (Right) Beryllium. Patient exposed to fluorescent powders and phosphorus. 
Case is of two years’ standing. Tuberculosis was first suspected, as was silicosis of the 
acute type. Clinical condition improving. Can climb two flights of stairs without "blow- 
ing” and swims without evident dyspnea. (Courtesy Willard Machlc, M.D.) 


been found in these cases. Chemical studies of certain components of the blood 
were carried out in a small number of cases by Hardy, who encountered elevated 
globulin values which she attributed tentatively to the fact that delayed chemical 
pneumonitis might belong (,o the chronic granulomatous diseases. 

Roentgenologic Studies: In the earliest stages a fine, granular, sandpaper 
appearance will be seen. There are no increased linear markings, no nodulation, 
no coalescence. The appearance is not smooth and homogenous, but distinctly 
particulate. It is also uniform and diffuse, extending to the periphery of the 
lungs and including the apices (figures 10, 11). In the second stage of the dis- 
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ease, a diffuse reticular pattern on a granular background is seen. The hilar 
shadows become fuzzy. Consequently, distinct nodules appear uniformly 
throughout the lung fields. Small, fine areas of emphysema are also noted. 
There is no tendency for the nodules to coalesce, nor is any definite linear fibrosis 
apparent. The nodules remain fuzzy and do not calcify nor cavitate. 

From the above it should be e\’ident that the diagnosis of beryllium intoxi- 
cation depends, first of all, upon the occupational history of an exposure; further- 
more, upon the nature of the initial symptoms, the progression of the case; and, 
finally, upon the correct analysis of an unusual chest roentgenographic picture. 
The difference in the clinical course between the cases reported by Van Ordstrand 
and other observers is significant. In Van Ordstrand’s group of cases, the onset 
was acute and, unless fatal, recovery, from the clinical as well as from the 
roentgenological point of view, took place after removal from exposure. In 
contrast, the majority of cases reported by other authors indicate a delaj’- in the 
onset of symptoms and a progression of the disease after removal from exposure. 

Cadmium 

The first death of an American worker resulting from cadmium intoxication 
was reported by the writer in 1941 (3). Previously, 15 cases of cadmium poison- 
ing, including 2 fatalities, had been reported in the Canadian literature and, 
prior to that, Legge (13) in England reported a case of cadmium poisoning. In 
1944, Spolyar (14) and his associates reported 5 cases of cadmium poisoning, 
Tliesc instances are individually enumerated to indicate that realization of the 
toxic effects of cadmium is, like those of berjdlium, of fairly recent date. 

Cadmium o.xide, when inhaled, has probabl}’’ more lethal potentialities than any 
other metal. The failure of industrialists to appreciate the toxic properties of 
this metal has caused workers to be unwittingly exposed to its fumes and has led 
manufacturers to incorporate it in products without proper warning of its pres- 
ence. Like most metals, cadmium is innocuous in the cold state but, when it is 
subjected to high degrees of heat, its o.xide is poisonous or even lethal upon 
inhalation. 

The first symptom of cadmium into.xication is usually drj-ness of the throat, 
quicklj' followed bj^ cough, headache and dizziness. After an inteiwal of a few 
hours there occurs a characteristic constriction in the chest, accompanied bj' 
marked dj'spnea. With an increase in the respiratory and cardiac rale, cyanosis 
is noted. Auscultation of the lungs reve.als no abnormal findings; rales are con- 
spicuous bj' their absence until the terminal stage of the disease. The roentgeno- 
grams show a surprising degree of widespread, patchy bronchopneumonia 
scattered throughout, both lung fields, inconsistent with the auscultatory findings. 
At autopsy, edema and congestion of the lungs are noted, with occ.asional hemor- 
rhage and partial collapse. A proliferative interstitial pneumonitis and catarrhal 
bronchitis are also present. .411 these clnmges arc chemical in origin. 

Tuberculosis in Industrj- 

During the recent war years ma.ss sun*e 3 *s were conducted witliin industry, in 
order to detect the incidence of tuberculosis in the largest segment of our adult 
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population. These sun^eys ^yere not made because it was believed that industrial 
surroundings foster tuberculosis, but rather because industry offers the ma- 
chinery and opportunity for a more successful preventive health campaign than 
any community-sponsored progi-am. We arc not concerned here with that phase 
of the problem. We are concerned uith the question as to whether e.vposure to 
the various dusts and chemicals of industry predisposes to tuberculosis or acti- 
vates arrested tuberculosis. 

Because an industrial environment is supposed to be dirty, grimy, and dusty, 
it has, out of ignorance, been accused of being an incubator for tuberculosis. 
Such thinking disregards vital components outside of the worldng environment 
of the employe, such as the economic factor, li\nng conditions, congested housing, 
improper nutrition, financial insecurity with all its attendant worry, pereonal and 
community hygiene. Such thinldng is an escape from the responsibility to 
pro%ade our workmen with better homes, better and more abundant food, and 
more hours free from mental and physical strain. It is easier to blame a par- 
ticular case of tuberculosis on an industrial dust, chemical, or humid atmosphere, 
than to place the responsibilitj’- upon our social and economic structure. Almost 
invariably the conditions vithin the four walls of the plant are better than they 
are down the street in the workman’s home and community. 

The statement that an industrial environment does not induce or aggravate 
tuberculosis is not an idle, thoughtless generalization. (The relationship 
between silicosis and tuberculosis is excluded from this portion of the discussion.) 
The effect of the occupational environment upon the incidence and production of 
tuberculosis has been given careful study over many years. It is a fact that 
nurses and medical students are often subject to contact with an open carrier and 
therefore their respective occupations constitute a hazard peculiar to their occu- 
pation. As far as all other occupations are concerned, the evidence is, by and 
large, to the contrary. 

Lack of space does not permit a comprehensive discussion of the aforemen- 
tioned statement. The reader is referred to the report of the Saranac Labora- 
tory for the Study of Tuberculosis (15). That report contains the papers of 
men participating in the Symposium on Tuberculosis in Industry. All types of 
industrial exposures were surveyed, such as the various gases, solvents, metals, 
irritants, and dusts. The participants concluded that tuberculosis does not 
arise out of an occupational exposure to these substances. In summarizing the 
opinions expressed at that symposium, Leroy Gardner stated that “it was agreed 
that” exposure to fumes and gases could not be proved to favor the onset of 
tuberculosis; that neither lead absorption and intoxication, nor mill dust and 
foimdry employment are associated with the development of tuberculosis. 
High temperatures and humidity are without significant influence upon tuber- 
culosis, nor were any theoretical reasons advanced to the effect that they should 
be. Radiant heat in the steel industry causes no tuberculosis in those e.\posed. 

SUM51A.RY 

1. The actual incidence of pulmonary damage resulting from an exposure to 
the various industrial dusts and chemicals is rare. 


OCCUPATIONAL PULSIONAIIV AFFECTIONS 


391 


2. Healthy adults reveal variations in the roentgenograms of their chests. 
Caution must be exorcised in interpreting these variations of lung marldngs. 

3. Minimal or even moderate fibrosis in itself is not disabling. 

•1. The. majoiity of all industrial dusts are inert because they are incapable of 
producing a reactive, proliferative fibrosis. Even after years of exposure to these 
benign dusts, the resulting fibrosis is not progressive. It does not lead to 
dis.ability or infection. 

5. In e.stimating the possible effects of any given industrial substance, it is 
necessary to know its chemical nature. 

G. It now appears that certain silicates which were once considered as inert 
may become noxious when subjected to higli temperatures. 

7. Certain metals, when subjected to high temperatures, liberate their o.xides, 
which ma}' produce chemical pneumonitis. 

S. An industrial cn\'ironment per sc docs not induce tuberculo.sis. 

SUMARIO 

Ncu7nopat1as Ocasionadas por cl Polvo Industrial 

1. La incidencia verdadcra de las lesiones pulmonares debidas a la e.xposici(5n 
a los varies polvos y productos qutmicos en la industria cs rara. 

2. Los adultos sanos rcvelan variaciones en sus radiograffas torAcicas, y hay 
que mostrar cautela al interpretar esas variaciones de las Ifneas pulmonares. 

3. Una fibrosis minima y hasta moderada no es do por si incapacitante. 

4. La mayoria de los polvos industriales son inertes por no poder provocar 
una fibrosis proliferante, rcactiva. Aun tras afios de exposicidn a esos polvos 
benignos, la fibrosis resultante no es evolutiva, y no conduce a incapacidad o 
infeccidn. 

5. Al estimar los posibles efectos de cualquicr sustancia industrial dada, es 
necesario conocer su naturaleza quimica. 

6. Parece ahora quo ciertos silicates considerados antes como inertes, pueden 
volverse nocivos al ser sometidos a temperaturas altas. 

7. Ciertos metales, al ser sometidos a temperaturas altas, desprenden sus 
dxidos, los cuales pueden producir noumonitis quimica. 

8. Un ambiente industrial no evoca, de por si, tuberculosis. 
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STREPTOMYCIN IN PREPARATION FOR COLLAPSE THERAPY^ 

JOHN D. STEELE, JR., and TIMOTHY R. MURPHY 
INTRODUCTION 

The value of streptomycin therapy in patients with predominantly exudative 
pulmonary tuberculosis has been demonstrated adequately (1 to 8). Investiga- 
tors agree that streptomycin in itself is rarely a definitive form of therapy but 
should be used as an adjunct to other treatment. D’Esopo and Steinhaus (9) 
suggest the use of streptomycin as an adjunct to collapse therapy. 

Seventeen patients at Muirdale Sanatorium with pulmonary tuberculosis, 
which was predominantly exudative in character, were prepared rapidly with 
streptomycin for various collapse therapy procedures. The lesions of at least 13 
of these were progressive when streptomycin therapy was started. The lesions 
of the other 4 patients, although not progressive or known to be progressive, were 
considered to be too recent and too exudative in character to permit the safe 
institution of collapse therapy. In the entire series the lesions were prepared for 
various collapse therapy procedures after an average of 78.8 days of streptomycin 
therapy. The actual period of therapy ranged from 44 to 140 days (see table 1). 
Without streptomycin it is extremely doubtful whether even the most favorable 
of these lesions would have been considered suitable for collapse therapy in less 
than six months. It is also doubtful whether most of the patients with progres- 
sive disease would ever have been considered suitable for collapse therapy, except 
possibly as a last resort procedure. 

COMPOSITION OP SERIES 

Thoracoplasties were performed on 12 of the 17 patients; 3 had intrapleural 
pneumothoraces and 2 had extrapleural pneumonolyses. One of the latter was 
followed by paraffin filling and the other by Incite ball filling. In addition to 
these 17, temporary phrenic nerve paralyses were performed on 6 patients whose 
exudative lesions responded well to streptomycin therapy. The lesions of 3 of 
these patients were considered to have improved sufficiently on streptomycin 
therapy to permit the induction of intrapleui-al pneumothorax. The pneumo- 
thoraces had to be abandoned shortly after induction because of extensive, indi- 
visible adhesions and the phrenic paralyses were substituted. The lesions of the 
other 3 patients having phrenic paralyses responded so well to streptomycin 
therapy that no major collapse procedure appeared to be indicated, although it is 
entirely possible that they will require major collapse therapy after further 
periods of observation. 

OBSERVATIONS 

The 17 patients being reported in some detail in table 1 and figures 1, 2, and 3 
represent consecutive cases of major collapse therapy procedures instituted dur- 
ing the course of streptomycin therapy. 

' From Muirdale Sanatorium, Milwaukee 13, Wisconsin, and the Marquette University 
School of Medicine. 
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TABLE 1 

SevenlecTi palicnls prepared for collapse therapy by (he administration of streptomyan 
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TABLE 1 —Concluded 
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The first stage of each of the 12 thoracoplasties was performed within a few 
da 3 "s of the end of tiie preparatorj’’ period of strep tomj’^cin therapy. Tlie chemo- 
therapy was continued in all patients until approximately two weeks after com- 
pletion of the last stage. Each stage consisted of the resection of two ribs and 
all patients had supplementary anterior stages. An interval of three weeks 
elapsed between stages. The total course of streptomycin therapy in these 12 
patients varied from 142 to 211 days, depending on the extent of the thoraco- 
plasty and the length of the preparatory period. 

There was no spread of disease in any patient during thoracoplasty. The de- 
cision to continue streptomycin therapj' during the entire course of thoracoplasty 
was made because of the lack of any precedent in such cases. Because the first 
patients responded so favorably to this regimen, it has been continued to the 
present time. It is realized, however, that accumulating evidence in respect to 
resistance of tubercle bacilli to streptomycin may reveal that prolonged continua- 
tion of streptomycin therapy is illogical in many cases. No resistance studies 
were carried out on the organisms of any of these patients. 

Streptomycin therapy was continued in the 3 patients with intrapleural pneu- 
mothoraces for an average of 49.6 days follovdng induction of their pneumotho- 
races. Two of these patients had what appeared to be “tension” cavities which 
diminished considerably in size during the preparatory period of streptomycin 
therapy (cases 1 and 9). Pneumothorax was selected for these 3 patients in 
preference to thoracoplasty because of age or the presence of relatively extensive 
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Fig. 1 

Figs. 1, 2, and 3. Diagrams illustrating roentgenological appearance of tuberculous 
lesions before, during and after streptomycin and collapse therapy. Predominantly cx- 
udative disease is indicated by the dotted areas; fibrotic lesions by lines; cavities by circles. 
The diagram representing the roentgenogram taken at the time of institution of strep- 
tomycin therapy is indicated together with the initial dose. The type of collapse therapy 
indicated may be identified, if necessary, by referring to table 1. 
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contralateral lesions. In 2 of these 3 patients, intrapleural pneuraonolyses Avere 
performed during the course of streptomycin therapy (cases 1 and 10). 

Streptomycin therapy Avas continued for 17 days after the e.xtraplcural pneu- 
monolysis folloAA'cd by paraffin filling (case 8). The operation Avas selected in 
this patient in preference to thoracoplastj' because of her age and the rather 
limited extent of the lesion. The patient aa'Iio had the extrapleural pneuraonoly- 
sis folloAvcd by lucite ball filling (case 14) aa’us the only one in the series in AA'hich 
the administration of streptomycin A\-as discontinued after a preparatory period 
and reinstituted at the time of operation. Thoracoplasty had been recommended 
for this patient after 53 days of streptomycin therapj', but her husband refused to 
alloAA- the operation to be performed and the extrapleural pneumonol5^sis Avas per- 
formed tAA’O months later as a substitute. Streptomycin Avas administered for 27 
days folloAA’ing the operation. 

The maj ority of the patients received 1.0 gm. of streptomycin daily. The dose 
in others ranged from 0.75 gm. daily to 2.0 gm. daily. One of the reasons for this 
variation AA'as that a dosage schedule calculated according to Avcight Avas adopted 
in October 1947. Tlie first patients in the series receiA'cd the drug in Aa'c equally 
diAuded doses; this Avas later changed to three diA'ided doses in tAA'enty-four hours. 

Three patients in the series had daily temperature elevations of from 100.2°F. 
to lOS'T. prior to the institution of streptomycin therap}’’ and the others all had 
loAA' grade fevers. All responded favorably in this respect to streptomycin. 
Four patients gained considerable AA'eight and 5 others shoAA'cd a moderate Av'eight 
gain during their preparatory periods; one patient lost slightly and the Aveight of 
the others remained stationary'. 

Prior to the institution of streptomycin therapy, the sputum of 14 patients 
contained tubercle bacilli roA'caled by direct smear or concentration. The spu- 
tum from the remaining 3 patients revealed tubercle bacilli on culture. Follow- 
ing the preparatory period and just prior to the institution of collapse therapy, 
the sputum of 1 patient was positiA'e for tubercle bacilli on concentration; 7 had 
positive sputum cultures; 2 had positive cultures of their gastric contents; and 
the remaining 7 had negative cultures of sputum or gastric contents. The fol- 
low-up is too short to be of any significance in regard to the bacteriologic conver- 
sion of pulmonary secretions on completion of collapse therapy, or during a 
limited period thereafter. No tubercle bacilli were found, however, on culture 
of the pulmonary secretions of 13 patients after completion of their collapse 
therapy. It is realized that it is sometimes difficult to demonstrate tubercle 
bacilli in the pulmonary secretions of patients receiving streptomycin therapy. 

The follow-up period is also too short to be of any significance in regard to re- 
lapses folloAving therapy, as only 10 of the 17 patients have been followed for 
seven months to a year folloAving collapse therapy. None, however, has had 
any progression of disease. 


COMMENT 

Streptomycin was used in this series of cases in preparing exudative lesions for 
collapse therapy. "Without its use, most of the patients would never have been 
favorable candidates for collapse therapy and some, at least, would probably 
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have died from progression of their disease. Streptomycin not only prepared 
exudative lesions rapidly for collapse therapy, but also halted the progression of 
the disease in 13 of the 17 patients. It is estimated that the use of streptomycin 
in preparation for collapse therapy in this clinic has increased by at least 50 per 
cent the number of cases suitable for surgical collapse procedures. 

SUiGtARY 

1. The use of streptomycin in 17 patients ■with predominantly exudative pul- 
monary tuberculosis in preparation for collapse therapy is reported. The disease 
of 13 of these patients 'was known to be progressive when streptomycin therapy 
was instituted. 

2. The average preparatorj' period of streptomycin therapy was 78.8 days. 

3. Twelve patients were prepared for thoracoplasty, 3 for intrapleural pneumo- 
thorax and 2 for extrapleural pneumonolysis. 

4. In addition to the preparatory period, all patients received streptomycin 
during and after the institution of collapse therap}". 

5. Streptomycin not only prepared the exudative lesions rapidly for collapse 
therapy, but also halted the progression of the disease in 13 of the 17 patients. 

SUMARIO 

La Estrcptornicina cn la Prcparacidn para la Colapsolerapta 

1. Deserf bese el empleo de la estrcptornicina como preparacidn para la 
colapsoterapia en 17 enfermos con tuberculosis pulmonar predominantemente 
exudativa. A1 iniciar la estreptomidnoterapia, se sabfa que la enfermedad en 
13 de dichos enfermos era evolutiva. 

2. La duracidn del perfodo preparador de estreptomicinoterapia promedid 
78.8 dias. 

3. Doce enfermos fueron preparados para la toracoplastia, 3 para neumotdrax 
intrapleural y 2 para neumonolisis extrapleural. 

4. Ademas del periodo de preparacidn, todos los enfermos recibieron estrepto- 
micina durante la aplicacidn de la colapsoterapia y despuds. 

5. La estreptomicina no s61o prepard las lesiones exudativas rdpidamente 
para la colapsoterapia, sino que detuvo la agravacidn de la dolencia en 13 de los 
17 enfermos. 
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of Fcvcro cough, (Copious pp\itum, and marked (oxoniia, is first determined to have an 
ndliertnt plcuni by repeated neciilings on the side of tlic chest having the cardty under 
eonsidenition for hlonnidi drainage. Then, under sterile surgical precautions and with 
the use of the fluoroscope, a neerilc is inserted into the aavity .and pressure readings taken 
to detemiinc the presence of a jjositivc prc-cmrc cavitj'. If such a cavity is found to be 
present, a trocar is then inserted into the cavity and through the troair a rubber catheter 
is introduceel into the canty and the trocar tlien withdrawn. The catheter is then 
secured to the diest wall by meins of ligatures and adlicsivc plaster. Twenty-four hours 
later .suction is begun. In the ciscs in this .scries the two-bottic method described by 
Kupk.a (3) wia used. Suction is continuous, with the flow regulated so tliat the bottles 
require reversing every si.\ hours. 

COMPOSITIO.V or CLl.VICAn .MATERIAL 

The cases reviewed fell into two well-defined groujis. In one group (23 pa- 
tients) the procedure was not followed bv a tk oraconlastv. and in the othcr ^ou p 
(11 patien ts) the procedure was followe d b 3 ’’ a thoracopl asty in either one or two 
stages^ Ih~tlio first group the procedure was done for p alliative r easons and 
lienee tliat group ni.ay bo called the “ palliative group ." Tlie second group in- 
cludes 4 patie nts on whom tlie procedure was performed for palliative reasons 
initialb* and who later improved to such an e.vtcnt that a thoracoplasty could be 
performed. In addition, this group also contains 7 jmtjents wh o we re candidates 
for tli oracopl.asty but on whom tho rncop lns l.v was d eferred because of the pres- 
cnc c of a positive presgiirc du aty. The second group may be titled the ”pre-_ 
thoracoplastjvgroup’’ n.s the Monaldi procedure was performed prior to, or as a 
preparation for, tlioracoplasty. 

Dislnbidion of cases: The sc.v and age distribution of the patients studied and 
the group into wliich the patients fell arc a.s follows. There were 21 men and 13 
women patients. Four patients were in the age group 15 to 25, 11 patients in the 
age group 2G to 35, 9 patients in the age group 3G to 45, and 10 patients were over 
45. In the palliative group, 3 patients were in age group 15 to 25, 7 in the group 
2G to 35, 6 in the group 36 to 45, and 7 in the group over 45. In the prethoraco- 
plasty group, 1 patient was in the age group 15 to 25, 4 in the group 26 to 35, 3 in 
the group 36 to 45, and 3 in the group over 45. 

Extent of tubcrailous involvement: Tuberculous involvement was relatively ex- 
tensive in these patients. According to tho National Tuberculosis Association 
Diagnostic Standards, 2 were in class 2B, 13 in class 3A, 10 in class 3B, and 9 in 
class 3C. 

Cavities: Twenty of the cavities treated were on the rig ht si de of the c hest while 
15 were on the left s ide (one patient had a bilat eral M onaldi). O ne cavit^ ’- was 
in a lower lobe (right) while the re mainder ('341 were u nner lobe cavities. The 
distribution of cavity pressure readings found at operation is illustrated by 
figure 1. It may be seen that the ca^dtjesior-th■eJIlOst-part■registeretLaJ)ositive 
pressure. Pressure readings may have been higher had each cavity been care- 
fuTljTtcsted, with precautions talcen to obtaTn an’accurate reading. Lower pres- 
sure readin gs than actually c.xist may result unless special apparatus is u sed, 
nam ely, an adapter on^e ex pib nnglieed lewith a two-way stopcock and connec- 



MONALDLCATHETEBIZATION OF TUBERCULOUS CAVITIES^ 

A RerJew of 34 Cases 
mi. A WILBURS.* 

INTEODTTCTIOIf 

Historically, a direct approach to the treatment of pulmonary cavities dates 
back to 18^ when Hastings and Starks introd uced a ru bber catheter into a large 
apical cavity, apparent!^ with improvement inlhe^ient’s condition. A most 
important step in the understanding of cavity mechanism came in 1936* when 
Coryllos (1) by gas analysis proved the degree of patency of a draining bronchus. 
Monaldi, an Itahan physician, was convinced that mechanical causes were the 
principal factor in the causation and persistence of giant cavities and he began 
treating such cases in the spring of 1938 by means of suction drainage in an at- 
tempt to neutralize the mechanical factors. He reported on his first cases (2), 
treated with the procedure which now bears his name, in June 1938. Kupka and 
Wells (3) described Monaldi’s technique in 1940 and later that year Kupka and 
Bennett (4) reported on a series of cases undergoing Monaldi drainage. Vine- 
berg and Kunstler (6) in 1944 contributed an excellent paper on the treatment of 
pressure cavities. They noted that of 119 postthoracoplasty cases 12 had per- 
sistent cavities, and these, upon needling, were found to be “tension” or positive 
pressure cavities. They strongly believe that any cavity over 2.5 cm. should be 
investigated before doing a thoracoplasty and, if a tension cavity is found, Mo- 
naldi catheterization is advocated as a preliminary to thoracoplasty. 

Theoretically, Monaldi catheterization appears to be a direct approach to an 
important problem in the field of tuberculosis. Relatively few articles have ap- 
peared on this subject in American periodicals. Because of the newness of the 
procedure and the scarcity of reports on its use, it was believed that a review of 
the cases treated in Alameda County Hospitals might add further knowledge as 
to its value. Each of the 34 cases included in this report is a “completed” case, 
insofar as hospital records go, in that the patient was either discharged, released 
against advice, or died in the hospital. The period covered in this report extends 
from January 1940 to January 1947. 

TECHNIQUE 

The technique of the operation has been described by others (3, 5) and the details 
will not be repeated here. In general, a similar procedure w'as followed in this series of 
cases. For example, a patient suspected of having a partially blocked or “positive pres- 
sure” carity from roentgenographic findings of a balloon-type cavity, or from the presence 

* From the Tuberculosis Service, Fairmont Hospital, San Leandro, and Arroyo del Valle 
Sanatorium, Livermore, California. 

* Assistant Resident Physician in iMedicinc, Alameda County Hospitals. 

* Resident Physician in Medicine, U. S. Veterans Administration Hospital (Wadsworth 
General Medical & Surgical Hospital), Los Angeles 25, California. 
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of severe cough, copious sputum, and niarJcctl toxemia, is first determined to have an 
adlierent pleura by rt'peated nocdlings on the side of the chest having the cavity under 
consideration for MonnIdi drainage. Then, under sterile surgical precautions and with 
the use of the fluoroscopc, a newile Is inserted into the cjudty and pressure readings taken 
to detcmime the presence of a positive pressure ciivity. If such a cavity is found to bo 
present, a trocar is then inserted into the cavity and through the trocar a rubber catheter 
is introduced into the ca\'ity and the trocar then withdrawn. The catheter is then 
secured to the chest wall by means of ligatures and adhesive plaster. Twenty-four hours 
later .suction is begun. In the eases in this series the two-bottle method described by 
Kupka (3) iius used. Suction is continuous, with the flow regulated so tliat the bottles 
require reversing cverj' Ei.x hours. 

COMrOSITIOX OF ClilNICAI, .MATEUIAE 

Tlic eases reviewed fell into two well-defined groups. In one group (23 pa- 
tients) the procedure was not followed by a th oraconlnstv. and in the other grojip 
(11 patient s) the procedure was foll owed by a thornco;)l asty in cither one or two 
Etagesll Iii the first group the procedure was drae for p alliative r easons and 
hence that group may bo called the * ‘p.alliativc group .*' The second group in- 
cludes 4 patie nts on whom the iiroccdure was performed for palli ative reasons 
initial^’ and who later improved to such an extent that a thoracoplasty could be 
performed. In addition, this group also contains 7 pay^ents,\\d)p_wc.rejtsndidates 
for th oracoplast y but o n whom thoraconlasty was d efer red because of the pres- 
cnc c of a positive pres-sure ca vity. The second group may bo titled the *Jpre-, 
thoracoplasty-group” as the Monaldi procedure was performed prior to, or as a 
preparation for, thoracoplast}’. 

Dislribniion of eases: Tlie sex and age distribution of the patients studied and 
the group into which the patients fell are as follows. There were 21 men and 13 
women patients. Four patients Avere in the age group 15 to 25, 11 patients in the 
age group 26 to 35, 9 patients in the ago group 36 to 45, and 10 patients wore over 
45. In the palliative group, 3 patients were in age group 15 to 25, 7 in the group 
26 to 35, 6 in the group 36 to 45, and 7 in the group over 45. In the prothoraco- 
plasty group, 1 patient was in the age group 15 to 25, 4 in the group 26 to 35, 3 in 
the group 36 to 45, and 3 in the group over 45. 

Extent of hibcrculons involvement: Tuberculous involvement Avas relatively ex- 
tensiA'e in these patients. According to the National Tuberculosis Association 
Diagnostic Standards, 2 AA-ere in class 2B, 13 in class 3A, 10 in class 3B, and 9 in 
class 3C. 

Cavities: TAA'cntv of the caAdt ie.s treate d were on the right side of the c hest Avhile 
15 were on the left si de (one p atien t had a bilat eral M onaldi). O ne cavity w as 
in a lower lobe (right) AA'hile the r emainder f34l AV'ere up per lobe c<wities. The 
distribution of ewnty pressure readings found at operation is illustrated by 
figure 1. It may be seen that the crmties-for-themost-part-cegistereilApositive 
pressure. Pressure readings may have been higher had each cavity been care- 
fuHyTeited, Avith precautions taken to obtain an accurate reading. L ower p res- 
sure readin t^s than actually ex ist ma y result unless special apparatus is u sed, 
nam ely, an adapter oiithe e.x i^o ring nee dlewith a two-way stopcock and connec- 
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tio ns made to a manometer so that pressure readings may be taken vdthout 
allowing air to escape. Such apparatus was not used routinely in this series of 
cases as far as can be determined. Suction was continued for a n a verage of 13 .7 
months (range 0.5 to 33 mon ths) in the palliative Monaldi group7 a^compared 
with 10.5 months (range 3 to 23 months) in the prethora coplastv Monaldi group. 

Cavity size was studied. Chest films were selected so that the initial cavi ty 
sizemeasurement was the measurement found on the roentgenograms obtained 
just p rior to the start of Monaldi drainage. The final cavity si ze was determined 
by the l ast chest film available o n each patient. As only pos t erior-anterior fim s 
were takenTthe^measurem ents are in terms of th e greater and the lesser diameter 
of the cavities found. 



Fig. 1. Maximum and minimum pressures in 24 cavities. Pressure in centimeters of Trater. 


RESULTS 


^ ^ 1 

Cavity closure: In reviewing the group of patients in the prethoracoplasty 
group, it was necessary to form three subgroups according to the data available. 
The first such subgroup consists of 5 patients with complete roentgenographic 
studies and on whom cavity pressure measurements were recorded. Initia lly, 
the greater diameter of t he cavities ranged from 5 to 7nm. and the lesserJi^eter 
from 3 to 6 cm. The average cavitvjce ading in centimeters of water was plu gjj 
(ins piration) and minus 1.4 (expirati on); with a range of plus 5 to plus 2 o n in- 
spiration and of plus 2 to minus 5 on expiration. The r esult in 3 of these patie nts 
■^vas a c losed cavity for a minimum of 20 weeks in one p atient. 100 weeks inj tn- 

other and 1 10 we eks in tim third. Cavity clo sure w. ■ r.- ‘ 1 f.vri'rhr.w 

ntiPstfilTna .and the timnof its occurrence wascalculi.-' ; i ' 
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drainage. In one pati ent an area of rar efaction remained (without change for a 
period of 240 weeks) on the chest roentgenograms following Monaldi drainage, 
but the patient’s sputu m became negativB~f of "tubercle bacilli. In the absence 
of proper roentgenographic studies, this cavity is considered to be “questionably 
closed.” In the fifth jjatient the _cavitv remained open though reduced in size 

first stage thoracoplastyand the second stage could not be performed. 

The next subgroup is .composed of 3 _patients on whom chest roentgenographic 
studies were complete, but on whom ameasurement of cavity pressure at tim e of 
operation w as not recor ded. The greater diameter oF~ bhe^ cavities ranged from 
4 to 6 cm. and the lesser diameter from 3 to 4 cm. The result in all 3 patients 
was a closed cavity for a minimum of 100 weeks in one patient, 127 weeks in a n- 
other, a^ lOljv^ks in the tni rd, as'sh own by follow-up chest -hlms. ' 

'HTe third subgroup also contains Sjiatients. In the case of these patients the 
chest roen tgenograms had been either lost or destroy ed. On examination of the 
clinical records whi ch conta iuecLdia grams oT chest pla tes, it was noted that in one 
patient the initial cavity siz e was 7.5 by 4.5 cm ., and in an other it was 6 by 5 c m. 
No cavity pressmre readings were recorded on these 2 patients. In the third 
patient no definite cavity size measurement was recorded, but a cavity pressure 
reading was given as plus 4 to minus 2 cm. of water. The result i n 2 patients w as 
a closed cavity, while in the third pat ient the cavity reopened foUow ipg a one- 
stage thbra guplasty. 

To summarize the prethoracop lasty group, in 9 patients a closed c avity was 
obtained (including one questionable case), while in 2 patients the ca vity re- 
main ed op en. In the 2 patients who failed to achdeve-a-clo sed cav ity, only a 
iDne-stage tho racop lastv-had been perf ormedT 

' The palliativ e group is also divided into 3 su bgroups according to the data 
available. In the first subgroupjthere are.Tlpatiente! Initially, in these patients 
the greater diameter of the cavities ranged from 5 to 9 cm . and the lesser diameter 
from 3 to 7 cm. Cavity pressure readings at time of operation averaged plus 4.4 
and minus 1.4 cm. of water with a range of plus 3 to plus 6 cm. (inspiration) and 
plus 2 to minus 6 cm. (expiration). All cavities in this subgroup were reduced in 
size. Final cavity size measurements showed a greater diameter range of 1 to 5 
cm. and a lesser diameter of 1 to 2.5 cm. 

In the second subgroup there are 3 patients. Chest roentgenograms were 
available for review but cavity pressure readings had not been recorded. Initial 
cavity size measurements showed a greater diameter range of 5 to 9 cm. and a 
lesser diameter range of 4 to 6 cm . All cavities in this subgroup were reduced in 
size. Final cavity size showed a greater diameter range of 2 to 3 cm. and a lesser 
diameter range of 1 to 3 cm. 

In the third subgroup there are 13 patients on whom the data are incomplete. 
On 3 patients the initial cavity size could be determined (8 by 6 cm., 7 by 3 cm., 
and 10 by 5 cm., respectively). Follow-up studies revealed that 2 of these pa- 
tients died; one m two weeks, and one in ten weeks. The third patient went 
home, greatlyimproved, with Monaldi drainage in use six weeks after it had been 
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initiated. In 10 patients no definite measurement of cavity size was noted in 
the clinical records, but the cavities were considered clinically to be of the positive 
pressure tj-pe. Cavity pressure readings were as follows: plus 12 to 0; plus 8, 
plus 3; plus 6, minus 1; plus 6, minus 2; plus 3, minus 1; plus 2, minus minus 
I, minus 2; and minus 1, minus 2. In 2 patients no cavity pressure reading had 
been recorded. Results in these 10 patients showed reduction in cavity size in 5 
patients and no change in cavity size in 4 patients. In one patient there was no 
record as death occurred three months after start of Monaldi drainage. 

To summarize the resultsm_23 patients in the palliative group , 15 cavitie s were 
reduced in size and 8 cavit ieseltEer showed no changep rjth& xecoids werelncom- 
plete as ^the re^t obta ined] ~ 

5p?ihm;~^aiysis of sputum records revealed tha t26 patients con tinued to 
have sputu m positive for tubercle bacilli. Twe ntv-two were in the p alliative 
gr ou^ahd 4 wereln the prethm^plastv g roup, ^ht patients are co nsidered 
to have convertgdJiheir^putum to “negative.’* Se ven o lthese. patients were in 
the pretEoraeo plasty group'anT one p atient was in the palliative group. There 
was a great variation in the time it to^ToTtKes^tum to become negative for 
tubercle bacilli. The range was from two months after starting Monaldi drain- 
age in one patient up to two years and six months in another patient. Two pa- 
tients converted their sputum to “negative” before undergoing thoracoplasty. 
In 5 patients in the prethoracoplasty group, whose sputum became negative for 
tubercle bacilli as determined by cultures, the average length of time taken to 
“convert” their sputum was 16.3 months from the start of Monaldi, and 8.5 
months from the start of thoracoplasty or end of Monaldi. In table 1 may be 
seen the relationship between thoracoplasty, duration of Monaldi drainage, and 
the time required for sputum to become “negative” in the 8 patients considered 
to have done so in this series. The patient in the palliative group whose sputum 
was negative for tubercle bacilli continued to be noninfectious for nine months, 
at which time he was discharged with Monaldi drainage still in use. Two patients 
in the prethoracoplasty group closed their cavities but still had tubercle bacilli in 
their gastric lavages and the 2 patients in this group who did not close their cavity 
continued to discharge tubercle bacilli in the sputum. 

Clinical course: An attempt was made to answer the question as to whether or 
not Monaldi drainage was effective in bettering the survival time of the patients 
treated. The answer must be given in terms of probabilitj^ for a control group 
does not exist and survival time may not indicate the effect of treatment. In 
addition, more than one factor enters into each case and the presence of so many 
variables makes the assessment of any one factor difficult, if not impossible. 
Evaluation was made on the basis of progress notes, nursing notes, clinical course, 
and the estimation of the physicians who were treating these patients. These 
four sources were found to be in agreement in all except one patient in which 
there was a difference of opinion in the estimation given by physicians. 

In the 18 patients who died in the palliative group, the a verage length of sur- 

found tobe~5xfe§n ilionths ; 
the minimum was two weeks and the ma^nuim waaihirty^Ili reemo nths. In the 
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7 patients in this group who were considered to ha,ve benefited from the procedure, 
•the average length of sundval was twenty-nine months, and in the 11 patients 
considered rwi io have been benefited it was seven and one-half mo nths. It is 
important £o note that ot th g I19 dea ths in this series, 18 were in t he palliative 
^grojiip. Six of these patients were classi^d a s 3B ( 'National Tuberculosis Asso- 

TABLE 1 


The relationship of the bacleriologic status of the sputum to thoracoplasty and io durationof 

Monaldi drainage 


CASE 

SPCTUM ItESCl.T (POSI- 

THORACO- 

PLASTY 

1 

1 

DURATION OF 

ELAPSED TIME FOR 
SPUTUM TO BECOME 

“negative*’ 

LENGTH OF 

“negative” 

SPUTUM 

“negative” 

TO CULTUBE 

NUMBER 

TCBEECLE BACILLI) 

STAGES 
(1 OR 2) 

UOKALDI 

From 1 
start of 1 
Monaldi 

From end of 
Monaldi and 
start of 
thoracoplasty 

SPUTUM 

FOLLOW-UP 




! months 

months \ 

months 

months 


1 

Negative 


5 

30 

25 

6 

Yes 

2 

Negative 1 


17 

27.5 

10.5 

9 

Yea 

3 

Negative 


7 

11 

4 

7 

Yes 

4 

Negative 


8 

11 

3 

1 week 

Yes 

5 

Negative 


3 

2 

♦ 

45 

Yes 

6 

Negative 


16 

2 1 

i 

* 

10‘ 

i 

Not cul- 
tured’ 

7 

Negative 

1 

1 

10 

14 

4 

Neg. on 
disc. 

No fol- 
low-up 

Not cul- 
tured 

S 

Positive’ 

2 

5 

— 

— 

— 

— 

9 

Positive’ 

1 

5 

— 

— 

— 

— 

10 

Positive’ 

1 

23 

— 

— 

— 

— 

11 

Positive’ 

1 

16 

— 

— 

— 

— 

12** 

Negative 

Not 

done 

More than 
17 

7 

1 

Monaldi in 

use on 

disc. 

' 9 

1 

i 

Not cul- 
tured’ 


* No sputum on discharge but sinus tract drainage persisted and contained tubercle 
bacilli. Patient’s private physician reports this sinus eventually closed, but date not 
known. 

® “Negative” to 1 week sputum concentration. 

® Gastric lavage contains tubercle bacilli. 

■* Cavity remained open following thoracoplasty. 

* Sputum became “negative” prior to thoracoplasty. 

** Palliative group patient (all others are in prethoracoplasty group) . 


elation Diagnostic Standards) a nd 8 as 3C, a nd, as t he term palliative impl ies.* 
ther^\? as1ittle hope of doing more for them than g ivin g them roliftf nf-svmptoms . 

An attempt has been made to evaluate the available evidence to show whether 
or not the patien t was made more comfortable as a result of Monaldi drainage. 
Evidence of ccmifor t to the patient included iess -nough. l^s sputum, decrease d 
toxemiargaiil~inlmght and improvement in general appearance. Twenty-five 
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of tlie 34 patients received symptom atic relief and in 9 pa tients no appa rent im- 
pr ovenient jwa.s noted. Three of the patients in the palliative group who were 
aidedT'^^e procedure showed striking improvement with the cessation of exces- 
sive cough and expectoration resulting from a well-functioning Monaldi drainage. 
Of 23 patients in the palliati ve group, 15 received symptomatic relief and 8 
receiv ed no apparen t relief. 

Conmnent therapy: The most common concurrent therapy was the use of 
pneumoperitoneum in 14 patients. Homolateral phrenic nen^e crush had been 
done on 6 patients at various times. Four were done prior to starting Monaldi 
drainage (6 years, 5 months, 21 months, 7 months, and 4 months, respectively), 
and two were done while Monaldi drainage was in use. Five of these 6 patients 
also had pneumoperitoneum. Bronchoscopy was done on three occasions in one 
patient and on one occasion in 4 patients during Monaldi drainage. Proper 
evaluation of concurrent therapy is not possible, but pneumoperitoneum, phrenic 
nerve crush, and bronchoscopy are believed to have been of positive benefit. 

Of the 11 patients in the prethoracoplasty group, 7 had a one-stage thoraco- 
plasty and 4 had a two-stage thoracoplasty. In 9 cases, anterior rib resection 
was done to avoid contamination of the thoracoplasty woimd, for at operation 
the Monaldi sinus tract may accidentally be entered. In 5 of these cases it was 
done four to six weeks prior to thoracoplasty. In one patient it was done one 
month prior to Monaldi drainage. In the remaining 3 patients the anterior rib 
resection was done in anticipation of a thoracoplasty, but, presmnably because 
the patient’s general condition did not permit it, thoracoplasty was not done. 

One patient who was in the palliative group, and who ultimately died without 
apparent benefit from the procedure, had Monaldi drainage of a cavity in the 
lower lobe of the right lung. All other cavities treated were in the upper lobes of 
the lung. In one patient Monaldi catheterization was done on both sides of the 
chest. Drainage was started on the left side in November 1941 and on the right 
side in June 1943, and was continued on both sides until the patient died in 
July 1944. 

Complications: Secondary infect ion of the Monaldi sinus was present in all^ f 
the 34 cases. It proved to be of little consequen ce except that re peated dressings 
were required to combat the malodoro uFdr aina ge around the ca theter. The next 
most common complication was hemorrha ge thro ugh or around the catheter, and 
this occurred in 5 patients. Four patients developed a bronchopleur al-cutaneous 
fis tula at - t!K^Ritft SLand^fol lowing removal of the Monaldi cat heter. In one 
patient the fistula followed an empyema which in turn followed thoracoplasty. 
The thoracoplasty had not been preceded'by'anTlinferidr rib resectidnT and in 
spite of the fistula the cavit 5 ^ closed . Two other pa tients in the prethoracoplasty 
group also developed a bronchopleural-cutaneous fistula. In one of these, cavity 
closure occurredlyhile in thTother the^ cavity did not close. One patient in the 
palliative group developed a bronchopleura l-cutaneous fistula which remained 
open until the patient died. One patient developed empye majfollmving-thora- 
conlastv in spite of preliminary rib resection, and a planned second-stage opera- 
tion vraFnot done” Two patie nts had persistent sinus tracts whic h drained for 
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four years and live months in one case, and for four years and six months in the 
other before finally healing. 

Dcailis: Nineteen of the 34 pati ents diediil-the hospital. The degree of infec- 
tion present has already been indicated with 32 of the 34 patients bmnp; mnside iipd 
to have "fa r adva n ced” tubercu losis. I n 23 patients the procedure was don e for 
palliative reaso ns a nd 18 of the 19 deaths were in thi s group. Causes of death 
were as follows: (a) pulmo nary hemor rhage. 3 patients, in one instancF'through 
the Monaldi tube; (b) cardiovascular disease, 3 patients (cor pulmonale, syphi- 
litic heart disease, and congestive heart failure, respectively); (c) tuberculous 
meningitis, 2 patients; (d) spont aneous pneum othorax on the side of the chest 
opposite the Monaldi drainage, one patient; and (e) o verwhe lming pulmonaiy 
tuberculgsis, 10 p atieats. One of the deaths from meningitis was of the patient 
with bilateral Monaldi drainage and occurred thirty-three months after drainage 
had been started on the left side and thirteen months after drainage had been 
started on the right side. Drainage of both sides was functioning at time of 
death." The other death from meningitis occurred sixteen months after start of 
Monaldi drainage. 


COMMENT 

There are certain disadvantages and dangers to the Monaldi procedure, exclu- 
sive of the surgical risk. Some of these have already been mentioned imder 
complications. Hemorrhage may occur regardless of the presence of Monaldi 
suction, yet it must be considered as a danger. Secondary infection with accom- 
pan5dng malodorous discharge, extrusion of catheters which require replacement, 
persistent draining sinus tracts, and the formation of a bronchopleural-cutaneous 
fistula, although not dangers, are certainly disadvantages. Empyema, although 
it should not develop in a properly selected and treated case, is a possible compli- 
cation and a dangerous one. An important disadvantage with the present 
scarcity of trained nursing personnel is the increased nursing care which is de- 
manded, especially in the early months of treatment. Dressings must be 
changed, suction bottles regulated to maintain suction, and accessory drainage 
tubes require cleaning. The maintenance of adequate suction is of primary 
importance to the success of the procedure, and the presence of adequate 
nursing personnel is, therefore, a most necessary requirement. 

The present series of 34 patients who received Monaldi drainage fell into two 
groups. In one group the procedure was carried out for palliative reasons only, 
i.e., because of the severe cough, toxemia, and copious sputum associated with 
the presence of a positive pressure cavity. The other group was designated as 
the prethoracoplasty group and included those patients who, following Monaldi 
drainage, underwent a thoracoplasty. This group includes 4 patients who, al- 
though initially treated for palliative reasons, later improved to such an extent 
that a thoracoplasty could be performed, and also those patients who were candi- 
dates for thoracoplasty but on whom thoracoplasty was not considered advisable 
in the presence of a positive pressure or “balloon type” cavity. In these patients 
Monaldi drainage was done as a preliminary to thoracoplasty. 
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Eight patients out of 11 in the prethoracopksty group closed their cavities, 
while in one there was questionable closure (with “negative” sputum) and in two 
cases the cavity remained open. None of the patients in the palliative group 
obtained cavity closure, but in 10 patients out of 23 on whom measurements were 
possible there was a significant reduction in cavity size. Eight patients were 
considered to have converted their sputum to “negative” and 7 of them were in 
the prethoracoplasty group. One patient in the palliative group had sputum 
negative for tubercle bacilli for at least nine months. Four prethoracoplasty 
patients did not convert their sputum. Two of these patients had closed their 
cavities while 2 had not. Twenty-two of the 23 palliative group patients con- 
tinued to have sputum positive for tubercle bacilli. 

In those patients who died and on whom a measurement of survival time was 
possible, it was found that 7 patients may have been benefited while 11 patients 
apparently were not benefited. The average survival period was twenty-nine 
months in those with benefit in contrast to seven and one-half months in those 
without benefit. In the palliative group 15 patients received relief while in 8 
patients there was no apparent relief from symptoms. 

Patients who are to have a thoracoplasty probably should have a preliminary 
anterior rib resection to avoid contamination at surgery for thoracoplasty. Sec- 
ondary infection of the Monaldi tract, persistent sinus drainage of long duration, 
and formation of a bronchopleuro-cutaneous fistula are minor complications of 
the procedure, while pulmonary hemorrhage and empyema are major com- 
plications. 

. The question as to whether Monaldi is a worthwhile proc^ ure presents itself. 
From the viewpoint of its complications, dang^s, anddis^antages, it is ob- 
viously a procedure requiring careful consideration and judgment before it is to 
be used. As a palliative procedure in a patient with severe toxemia, there would 
appear to be little to lose and much to gain for increased survival time may result 
and symptomatic relief may be obtained as a minimum result. In patients with 
a tension cavity who are not severely to.xic, yet are obviously not candidates 
for thoracoplasty, the use of Monaldi drainage, in addition to routine sanatorium 
care, may result in improvement to the point that a successful thoracoplasty can 
be done. In general, patients with tension cavities do not respond well to thora- 
coplasty and Monaldi drainage would appear to be a worthwhile procedure prior 
to thoracoplasty in such cases. Of 1 1 patients in the prethoracoplasty group, the 
cavity failed to close in 2 after thoracoplasty. In each of these a single-stage 
thoracoplasty was done and it was presumably inadequate. 


SmUMARY 




1. Thirty-four clinical records of patients who received Monaldi drainage for 
tuberculous cavities have been reviewed and analyzed. The cases fell into two 
groups. In one group the procedure was carried out for palliative reasons only, 
whereas the other group was able to have subsequent thoracoplasty. 

^ 2. Nine out of 11 patients having thoracoplasty following Mon.aldi drainage 
obtained cavity closure (including one “questionably closed” cavity with sputum 
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negative for tubercle bacilli). None of the 23 patients in the palliative gr oup 
obtai ned cavity clo sure. 

3. Seve n patients in the prethoracoplasty group became sputum “neg ative” 
while 4 failed to do so . One patient in the palliative group became sputum 
“negative” while 22 remained infectious. 

4. Symptomatic relief was obtained in 15 out of the 23 patients in the pallia- 
tive group. 

5. Monaldi drainage of positive pressure tuberculous cavities should be done 
in two general types of patients. It may be used purely as a palliative procedure 
or it may be used as a preparation for thoracoplasty, principally in patients Avith 
“tension” cavities. 


SUMAEIO 

La Aspiracion de Monaldi en las Cavernas Tuberculosas 

1. Repasanse y analfzanse 34 protocolos cHnicos de enfermos en quienes se 
ejectud el sondaje de Monaldi por cavernas tuberculosas. Los casos corres- 
ponden a dos grupos. En imo se realizd el procedimiento puramente por razones 
paliativas, en tanto que el otro grupo quedd en aptitud para la toracoplastia 
despuds. 

2. En 9 de 11 enfermos en que se ejecutd la toracoplastia consecutivamente a 
la canaUzacidn de Monaldi se obtuvo cierre de la cavema (comprendiendo una 
cavema “dudosamente cerrada” con esputo negativo para bacilos tuberculosos). 
En ninguno de los 23 enfermos del grupo paliativo obtdvose cierre de la cavema. 

3. En 7 enfermos del grupo pretoracopldstico el esputo se volvid “negativo”, 
en tanto qiie en 4 no sucedid esto. En un enfermo del grupo paliativo el esputo 
se volvid “negativo,” mientras que 22 continuaron infecciosos. 

4. En 15 de los 23 enfermos del gmpo paliativo se obtuvo alivio sintomatico. 

5. El sondaje de Monaldi para las cavernas tuberculosas de presidn positiva 
debe ejecutarse en dos clases generales de enfermos: ya puramente como procedi- 
miento paliativo o como preparacidn para la toracoplastia, principalmente en los 
casos con cavernas infladas. 
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BRONCHOSCOPY IN PULMONARY TUBERCULOSIS^ 

A Study of Post-bronchoscoplc Increase of Disease 
E, OSBORNE COATES, JR.* 

INTRODUCTION 

Ever since the first use of bronchoscopy in patients with pulmonary tuber- 
culosis there have been misgivings in the minds of both patients and physicians 
regarding the possibility of aggravation of the disease by the procedure. The 
literature contains few data on the relative safety or danger of this type of ex- 
amination in patients. Chevalier Jackson, in 1922 and 1927, stated that “the 
bronchoscopic stud3’’ of tuberculosis is very interesting, but only a few cases 
justify bronchoscopy” (1). As early as 1931 Clerf (2) reported the examina- 
tion of a large group of tuberculous patients among whom “no ill effects were 
noted from the bronchoscopy itself.” No details of his observations were given. 
Myerson (3, 4), one of the pioneers in the field, reported in 1934 that no in- 
creases or reactivations of the pulmonary disease had occurred in his series of 
150 patients, in all of whom the lesion was thought to be quiescent. He 
warned, however, that in his opinion no patient with an acute lesion should 
be bronchoscoped. Ten years later (5), he reiterates his belief that patients for 
bronchoscopy must be carefully selected and concludes that, because of the 
danger of reactivating the disease, only patients in whom it is relatively inactive 
should be subjected to the procedure. It is not entirely clear, however, whether 
he is referring to parenchymal or endobronchial disease. In 1939, Meindoe and 
his group (6) reported a series of single bronchoscopies in 272 patients with pulmo- 
nary tuberculosis, four of whom showed an increase of the disease which occurred 
shortly after the operation. They felt this to be no more than might be expected 
on a coincidental basis. Hawldns (7), the same year, observed one patient in 
whom the disease spread and an additional 3 patients who died within three 
weeks followng bronchoscopy out of a total of 516 such examinations. He 
concluded in retrospect that each of these 4 patients had been too sick to undergo 
the procedure. Other isolated cases of postbronchoscopic pulmonary reactions 
have been mentioned by Amberson, as quoted by Jenks (8), Warren and co- 
workers (9), and Packard and DaAoson (10), all of whom believed the increase of 
disease to be the result of bronchoscopy. In 1943, a study bearing directly on 
the problem was published by Radnor (11). He analyzed 183 bronchoscopies 
done over a one year period in 97 patients. Five of these patients developed 
atelectasis of a lobe or lung and 21 showed minimal infiltrative increases of the 
disease in the third to fifth week after bronchoscopy. In this series, all those 
who had shown progression of the disease prior to bronchoscopy (how long prior 
not stated) were excluded. 

The present study was undertaken primarily to determine the statistical 
frequency of increase of disease following bronchoscopy in patients with active 

1 From Trudeau Sanatorium, Trudeau, New York. 

2 Now at the Hospital of the University of Pennsylvania, Philadelphia, Pennsylvania. 
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pulmonary tuberculosis and, secondarily, to investigate certain aspects of those 
cases in which it occurred. 


MATERIALS AND METHODS 

The present survey includes all the bronchoscopies done on patients with 
pulmonary tuberculosis in Trudeau Sanatorium during the ten year period from 
October 1936 to October 1946, comprising a total of 473 bronchoscopies in 233 
patients. 

Virtually all of the 233 patients in the series had tubercle bacilli in their 
sputum sometime during their residence in the Sanatorium, and the great 
majority were infectious at the time of bronchoscopy. All patients had stereo- 
scopic roentgenograms of the chest made at least every six weeks and sometimes 
more often. The reports of the roentgenograms, as interpreted by the resident 
radiologist, were obtained from the clinical records and were the sole basis for 
determining whether or not there had been an increase of disease. From a 
roentgenographic standpoint, increase of disease was manifested by the appear- 
ance of new shadows within the lung or by a definite increase in the size of those 
shadows already present. These changes were interpreted as the development of 
infiltraiion or reaction, and were the only findings regarded in this study as 
increase of disease. Thus, reports of enlargement of cavities or of the develop- 
ment of pleural fluid were excluded, as were those in which the findings were 
questionable or ambiguous^ 

In order to assess the factor of coincidental progression of the disease properly, 
an attempt was made to survey each patient for a six month period of time both 
before and after bronchoscopy. This total observation period of one year was 
divided into sections of two months each, using bronchoscopy as the central point. 
By this means, a comparison could be made of the incidence of increases in each 
two month section of the patient’s course during the period of observation. The 
majority of patients were observed for the full twelve month period, although 
some could be surveyed only for a considerably shorter time. Selection of a two 
month interval in which to determine incidence of increases was an arbitrary 
matter, dictated chiefly by the possibility that development of tuberculous re- 
action or new disease within this period of time following bronchoscopy might 
well be a consequence of the procedure. 

A representative sample of the method of charting is illustrated in figure 1. The 
point at which bronchoscopy was carried out is signified by the vertical line in the center 
of the chart; and the length of time each patient was observed, by the horizontal blocks 
divided into sections of two months each. The two month section immediately following 
bronchoscopy is designated by crosshatched blocks. Increases are shown by the small 
arrows. Those which occurred within less than one month of each other were grouped 
together and marked on the chart as only one increase. In the case of patients who were 
bronchoscoped more than once, there was often overlapping of pre- and postbronchoscopic 
observation time. Thus, frequently the six month survey period after one bronchoscopy 

’ For the sake of brevitj'-, the term “increase” hereafter will refer to roentgenographic 
evidence of extension of the process, as defined above. 
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corresponded in whole or in part to the six month period before the next one. In such a 
situation, tlie reduplicated time is shown on the chart by a block marked in interrupted 
lines prior to the .second of the two bronchoscopies. 
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Fig. 1. Sample of survey method 
'I' = roentgen evidence of increase of disease. 

In the group with more than one bronchoscopy: a, b, c = reduplication of time block 
following previous bronchoscopj', covering elapsed time between bronchoscopies. 


RESULTS 

Tabulation of the results revealed that 73 (15.4 per cent) of 473 bronchoscopies 
were followed witliin two months b3>- roentgenographic evidence of increase of 
disease. This occurred in 59 (25.6 per cent) of the total of 233 patients. 

In table 1 are shown the figures used for determination of the incidence of 
increases in each two month section of the one year observation period. The 
data are analyzed in terms of patient-months of observation, and total number 
of increases in two months’ time. In a gh’’en section, both the total months of 
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TABLE 1 

luddrncf of rocntgcnographic increase of tJiscasc in three groups for 6 two month seclioyis 


Two niontb sections correspond to those shown in figure 1 . Incidence of increase of 
disease equals total number of increases divided by total duration of observation on all 
patients in each two month section. 



BcoNtnoscorv 


1 4-2 

months 1 months 

2-0 I 0-2 

months 1 months 

2-4 

months 

4-6 

months 

Single bronchoscopies 


Total months observation on all 
patients per two month sec- 
tion 


21S.70 

■ 

■ 




Total two months observation 
on all patients per two month 
section 


124.35 

143.70 

142.45 

130.00 

liHllTll 

Patients: 149 

Total number increases per two 
month section 

19 

27 

34 

2S 

19 

9 

Bronchosco- 

Incidence (increases per two 
months) 

.JO 

.SI 

.SS 

.SO 

.15 

.08 

pics: 149 


Multiple bronchoscopies 


Tot.al months obscn'ation on 
all patients per two month 
section 

123.20 

150.30 

■ 

497.50 

242.30 

159.50 


Total two months observation 
on all patients per two month 
section 

61.60 

75.15 

9S.45 

248.75 

121.15 

79.75 

Patients: 84 

Total number increases per two 
month section 

11 

15 

19 

48 

13 

9 

Bronchoscopies: 

Incidence (increases per two 
months) 

.18 

.SO 

.19 

.19 

.11 

.11 

324 


WIiolc group 


Total months observation on all 
patients per two month sec- 
tion 

323.50 

399.00 

484.30 

782.40 

502.30 

389.50 


Total two months observation 
on all patients per two month 
section 

161.75 

199.50 

242.15 

391.20 

251.15 

194.75 

Patients: 233 

Total number increases per two 
month section 

30 

42 

53 

76 

32 

18 

Bronchoscopies: 

Incidence (increases per two 
months) 

.19 

.SI 

.22 

.19 

.13 

.09 

473 


observation available on all patients (or patient-months) and the total number of 
increases can be obtained directly from the basic chart, as illustrated in figure 1. 
Figures for patient-months of observation are divided by two in each case, in 
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order to e.xprcss the time in terms of two instead of one month inter\'als. Division 
of this figure into the total number of increases in the corresponding section then 
gives the incidence of increases for the two months in question. In sum, incidence 
may be said to represent the number of increases per two months’ time which 
this group of patients showed in selected two month sections of their course. 

By tliis method the incidence of increases in the two months immediately 
following bronchoscopy is compared to that in the other two month sections 
available for observation. As may be seen in table 1, the figures thus obtained 
show a uniform incidence of increases in the first four sections under observation. 
Thus it is apparent that no rise in incidence occurred in the two months immedi- 
ately following the use of bronchoscopy. 

The data were then considered from other points of view. First, the relation- 
ship of the tjqie of lesion found at bronchoscopy to postbronchoscopic increases 
is shown in table 2. The 473 bronchoscopies were dmded into two groups: 

T.A.BLE 2 


Relation of bronchoscopic findings to postbronchoscopic increase of disease 


BEONCHOSCOnC tikdiscs 

csom* A 

73 Buos'cnoscopiES 

TOtLOVtD WITHIN* TWO 
MONTHS BY »OENTCEN« 

ocfiApmc jKCJiLASt or 

m&ZASt 

CS0U7 B 

400 BSON'OrOSOOPtES WITH 
nc BOENTCEJfOCaAnnC 
INCREASE WITHIK TWO 
MONTHS AnZE BSOOTOS- 
COPY 

Bronchoscopies 

Bronchoscopies 

Number 

Per cent 

Number 

Per cent 

Negative, or “healed disease” 

25 

34.2 

100 

25.0 

“Bronchitis" 

16 

21.9 

mSm 

20.3 

Active endobronchial tuberculosis 

32 

43.9 


1 45.5 

Stenosis alone 

0 

0.0 

25 

i 6.2 

Uncert.ain or no report 

0 

0.0 

12 

1 3.0 

Totals 

73 

100.0 

400 

100.0 


Group A comprises 73 bronchoscopies which were followed within two months by 
roentgenograpliic evidence of increase of disease; and Group B, the remaining 
400 bronchoscopies following which no change for the worse took place. The 
pathological changes seen by the bronchoscopist were classified as follows: (J) 
negative, or “healed scars”; (S) ‘‘bronchitis”, the term generall3’' used b5'- the 
bronchoscopist to describe nonspecific inflammation of the mucosa when etiology 
was in doubt; (S) active endobronchial tuberculosis, cases shoeing ulceration, 
granulation, or inflammation vuth edema interpreted as definitely tuberculous; 
(4) stenosis alone, those patients in whom a stricture was present without e^ddence 
of active tuberculosis; and {5) uncertain, a small group in which no reliable 
reports were available. 

The proportion of these five types of bronchial findings was essentiaUj’- the 
same in the two groups. Of particular interest is the fact that the group which 
developed increases within two months following bronchoscopy did not have a 
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higher incidence of active endobronchial disease than had the group which showed 
no progression of disease after bronchoscopy. 

In table 3, the group of 59 patients who showed increases within two months 
after bronchoscopy is compared to the remaining 174 patients as regards extent 
of disease. The results revealed that the group with postbronchoscopic increases 


TABLE 3 


Relation of extent of pulmonary tuberculosis to postbronchoscopic increase of disease 


NATIONAL TUBERCULOSIS ASSOCIATION CLASSinCATION 
(AT TIME or BRONCHOSCOPT) 


GROUP B 

174 PATIENTS WITHfWROENX- 
GENOOBAPme INCREASE 
WITHIN TWO MONTHS AFTER 
BRONCHOSCOPY 


Bronchoscopies 

Bronchoscopies 


Number 

Per cent 

Number 

Per cent 

hlinimal 

4 

6.8 

16 

9.2 

Moderately advanced 

48 

81.3 

115 

66.1 

Fflr JidvftnofiH 

7 

11.9 

43 

24.7 



Totftifl 

59 I 

100.0 

174 

100.0 



TABLE 4 


Incidence of roentgenographic increase of disease in two 7nonths following bronchoscopy in 
patients with and without prebronchoscopic increases 



CROUP A 

35 PATIENTS HAMNO 
SOENTCEKOCRAFHIC IN- 
CREASE WITHIN TW'O 
MONTHS BEFORE 
BRONCHOSCOPY 

GROUP B 

114 PATIENTS WITH W 
ROENTGENOGRAPHIC IN- 
CREASE WITHIN TWO 
MONTHS BEFORE 
BROKCaOSCOFY 

Data on two months immediately following bron- 
choscopy: 

Total months observation on all patients per two 
month section 

64.40 

222.40 

Total two months observation on all patients per 
two month section 

32.20 


Total number increases per two month section . . . 

6 

22 

Incidence (increases per two months) 

,19 

1 

.18 


Analysis of 149 patients bronchoscoped only once. 

Incidence of increase of disease equals total number of increases divided by total dura- 
tion of observation on all patients, in two month section. 


(Group A) had less far advanced disease (11.9 per cent) than had the group with 
no increases after bronchoscopy (24.7 per cent of far advanced disease in 
Group B). 

The incidence of increases in the two months preceding bronchoscopy was con- 
sidered of interest in an effort to determine to what extent this influenced increase 
of disease after bronchoscopy. The group for study of this problem was limited 
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to 149 patients bronclioscoped onl}^ once (table 4), as inclusion of those having 
multiple bronchoscopies would have introduced difficult problems in regard to 
time intenmis. Division again was made into two groups: Group A, comprising 
35 patients all of whom had roentgenographic emdence of extension of the disease 
within two months preceding bronchoscop 3 %- and Group B, 114 patients wlio 
showed no progression during this period. The incidence of increases in the two 
month period following bronchoscopy was computed for each of these groups in 
the manner described above. It was found to be essentially the same for both 
groups. 

COMJIENT 

The evaluation of factors affecting the natural evolution of a chronic relapsing 
disease has alwaj's been difficult. As this is particularly true of pulmpnai^' 
tuberculosis, a statistical plan of approach was adopted for this studj-- in the 
belief that most informative results could be obtained in this vray. Regarding 
the results, chief emphasis should be laid on the fact that bronchoscop}'- did not 
appear to affect over-all incidence of increases in tliis group of patients. The 
incidence was the same in the two months immediatelj’’ following bronchoscopj" 
as in similar periods of time preceding the procedure. As will be noted, there is a 
lowered incidence of increases in the last two sections under observation. This 
may have resulted, in part at least, from the frequent initiation of collapse 
therapy following bronchoscopy and from the fact that many patients were dis- 
charged as improved during or short!}' after the observation period. 

In regard to the extent of the disease as related to postbronchoscopic increases, 
it is of interest that the data obtained from this series revealed no tendency for 
postbronchoscopic increases to occur more readily in advanced cases; nor did 
progression of the disease shortly before bronchoscopy lead to a higher incidence 
of increases in the two months following the procedure. 

A few additional points should be mentioned. The first of these is a con- 
sideration of the skill of the operator. This factor is undoubtcdl}' an important 
one in the evaluation of an}' group of postbronchoscopic reactions. In the 
present series, a consistent high standard of ability was maintained, as all of the 
bronchoscopies w'ere performed by one or the other of three well qualified men'. 

The development of atelectasis has been reported as an occasional complication 
of bronchoscopy. In the present scries this occurred, rocntgcnographically, in 
only one of the 73 cases of postbronchoscopic incro.asc. Similarly, bronchoscopic 
dilatation of a stricture was performed only once in these 73 cases, although it 
was done on numerous occasions in the remainder without apparent ill effect. 
Other obseiA’crs (12, 13) have describerl repeated bronchoscopic treatment of 
tuberculous stenotic bronchi without apparent harm to the patient. 

As to the question of bronchoscopy as a cau.se of cxten.«ion of pulmonarj' dis- 
ease, no thoughtful student of tuberculosis will deny that reactivations, which on 
clinical grounds must bo attributed to the procedure, can and do The 

‘Dr. Kdnard P. Wcllc.s, Dr. IV.irrincr Woodnitl, S.irannc Isikc, New York; Dr. Winflrid 
O. Kelley, N'on^ich, Connecticut. 
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literature contains no reliable data on the frequenc}’- with which this accident 
may happen. A statistical method has seemed necessary to investigate the 
problem, and the results should afford at least an approximation to the true 
picture. 

SUMMARY 

1. The literature on bronchoscop 3 ’^ in pulmonary tuberculosis contains little 
information on the frequenej' of progression of the pulmonary disease following 
instrumental examination of the bronchial tree. 

2. In a series of 473 bronchoscopies in 233 patients at Trudeau Sanatorium, 
the incidence of roentgenographic increase of disease in the two months immedi- 
atelj’ following bronchoscopj’’ was no greater than that in other two month 
periods before bronchoscopy. 

3. Bronchoscopic findings in 73 bronchoscopies followed within two months by 
roentgenographic increase, as compared to those in 400 cases not showing such a 
postbronchoscopic increase, revealed essentiallj’’ the same percentage of active 
endobronchial tuberculosis in the two groups. 

4. In a group of 59 patients who had roentgenographic evidence of increase of 
disease within two months after bronchoscop 3 % the percentage of cases with far 
advanced disease was no greater than in the remaining 174 patients who showed 
no such postbronchoscopic increases. 

5. The effect of progression of the disease before bronchoscopy on the course 
immediately after bronchoscopy was investigated in the group of 149 patients 
bronchoscoped only once. Thirty-five of these patients showed roentgeno- 
graphic cadence of progression within tw'o months preceding bronchoscopy, 114 
did not. In these two groups the incidence of roentgenographic increases in the 
two months following bronchoscopy w^as essentially the same. 

SUSIARIO 

La Broncoscopia cn la Tuberculosis Pulmonar 

1. La literatura relativa a la broncoscopia en la tuberculosis pulmonar contiene 
poca informacidn acerca de la frecuencia de la agravacidn de la afeccidn puhnonar 
despufe del examen instrumental del drbol bronquial. 

2. En ima serie de 473 broncoscopias realizadas en 233 enfermos del Sanatorio 
Tradeau, el aumento radiogrdfico de la enfermedad en el bimestre inmediata- 
mente consecutive a la broncoscopia no fud mayor que en otros bimestres 
anteriores a la broncoscopia. 

3. Los hallazgos broncoscdpicos en 73 broncoscopias seguidas en tdrmino de 
dos meses de agravacidn radiografica, comparados con los de 400 cases que no 
mostraron tal agravacidn postbroncoscdpica, revelaron toscamente el mismo por 
ciento de tuberculosis endobronquial activa en los dos grupos. 

4. En im grupo de 59 enfermos que mostraron signos radiogrdficos de aumento 
de la enfermedad en tdrnaino de dos meses de la broncoscopia, el porcentaje de 
cases con enfermedad muy avanzada no fud mayor que en los restantes 174 
enfermos que no mostraron tales aumentos radiograficos. 



420 


E. OSBORNE COATES, JR. 


5. En el giiipo de 149 enfermos broncoscopiados una sola vez, se investigo el 
efecto de la agravacidn prebronconcoscdpica de la enfermedad sobre la evolucidn 
inmediatamente despuds de la broncoscopia, Treinta y cinco revelaroa signos 
radiogrdficos de agravacidn en tdrmino de dos meses antes de la broncoscopia, 
y 114 no los revelaron. En esos dos grupos la incidencia de agravacidn radio- 
grdfica en los dos meses subsiguientes a la broncoscopia fud en el fondo indntica. 
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MODIFICATIONS OF TUBERCULOUS LESIONS IN PATIENTS TREATED 

WITH STREPTOMYCIN 

CURTIS M. FLORY, JAMES W. CORRELL, JOHN' G. KIDD, LEWIS D. 

STE^^ENSON, ELLSWORTH C. ALVORD, JR., WALSH .McDER.MOTT, 
and carl MUSCHEXHELM 

IN'TnODUCTIOX 

This report de.«cribes tlic modifications of tuberculous lesions seen at autopsy 
in seven patients vlio had been treated with streptomj’cin. Each of tlicse had 
generalized miliaiy tuberculosis as a complication of some visceral form of the 
disease. During their treatment with streptomycin each responded for a period 
of time which varied from about three weeks to many months. In five patients 
death was caused by an e.xacerbation of the visceral disease, and in two by chronic 
tuberculous meningitis. In each instance e^ddence of healing was seen in the 
miliary tubercles in the lungs and liver, and often in other viscera as well. 

A previous report, by Baggensfoss, Feldman, and Ilinshaw (1) on the cfTcct 
of streptomycin on the lesions of generalized miliary tuberculosis has been pub- 
lished, and the findings are in general accord with ours. The differences consist 
in the degree of healing observed and in certain modifications of the tuborctilous 
lesions hitherto not dc.scril)ed. 

M.VTICHI.Vn .AND MKTIIODS 

Tlic clinical liistorv of cjich case, the effects of the streiitoinycin therapy, and the 
I)rincipal gros.s and inicroscoinc findings of the autojisy liave been sninniarizcd. 

In jnevions coinmnnications (2, 3) the clinical, hactcriologic, and roentgenologic 
aK|)cclK of fhc..=c infections were ]ncscntccl in detail. As tiie same code names IiaA'e been 
Tiscd, an exact correlation can be made between the previous and the present rci>orts. 

In cacli antop.sy Ijlocks were taken of at legist four of tlie five lobc.s of the lungs and of 
the other viscera. Sections were stained a.s routine with hemato.xylin-eosin, and fre- 
quently for connective tissue by the Alasson-Goldner method as modified I.>y I'oot (d). 
Whemwer the text describes “acid-fast bacilli” or “tubercle bacilli”, the seefion.s also 
were stained by the Zichl-Xcelsen method. 

Criteria of Jictivity of the tuberculous process were diflicidt to establish with certainty. 
In general, the i)resence of tnberelc bacilli, recent areas of nccro-is, tube.’cles composed 
of ej)ithdioid cells or giant cells, was considered as indicating activity; the ])rescncc of 
abundant fibrosis and :ibsence of cellular reaction wore taken as indications of healing. 

' from tlic Di'jiartincnls of I’ailiolocy and ^^cdicine of Cornell University .Medical 
Collcgi’ .and the New York Hospital. 

■ Presented in part at the forty. fourth annual nicciing of the .Vnieriraii .Association nf 
Pathologists and Haetcriologisis, ( ■hicago, .May IC, PUT i.Anier.J. Path., PUT. j.’S. S7t\ and 
also at the inancurnl .session, Section on Microbiology. Xcvv York .Acadcinv of Medicine. 
Xoveini'cr 2,'.. PilT (P.nll. .New York ,\e;nl. Med.. P.MS. 24. 

‘ 1 his sltidy Was !iid<Ml in part by a grant from the Divisioti of Research (iratit^ ami 
I'ellowsliiii'., Xationa! Insiitnie of He.alth. U. P. H. 

* T his stvidy \\a“ also aidti! I>y grant.». from Charlc'^ Pfirer ami ('o,. Prooklyn, X'( York, 
.".nd the D'dnle Eil'oi.atories I)ivi«ir,n. .Atnetican Cv.anatnid Cotnteinv, pearl Hirer Xev.- 
York. 
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Iti:i'OUT OF CASICS 

Cose I (IMJii.) Cliiiu-ol siinuwiri/: The patient wnsitn IS-month-oId infant with an illncs.^ 
fli!iia('(('iiz('(l l)y (‘nl!iit;t>inciit of (■('rvical and mc(li:istiiial lymph node.-.-, locnfRCtiologicaliy 
d('im)iisfinl)i(' miliary (h'nsiiics in the limu:, and the presence of aeid-fast haeilli on dired 
examination of (he gastric washing--. 

Streptoniyein therapy was starteil on Jamiary •), lOKi, and eonsistod of O.fl') frm. 
ilaily, administered in divided doses, fora total period of five weeks. 

W ithin ten days of tlu' start of therapy, (he eireiimferenee of the neek had rccofled from 
'Js.fi to 20 em. .At the completion of the live weeks’ eonr.-'e of treattnent, roen(Kcnoinj,d(! 
examination rexa'aled .a eonsi)ieiious elearini; of the miliary flensities. After a twelve d.iy 
interval, diirim; which (lit' patient heeame pro^re.'sively mon' febrile, the same re.ziman 
of stre])(omyein (herai)y was aji’dn started. On Felnuary 2s, fifty-four days after iiasti- 
t ait ion of the first laanse of st i'e|)tomyein. the presema'of tnheicnlons meningitis was esf ah- 
lished by ehai'aeteristie sjaiiiid fluid chanees, ineludimi a positive eiiltiire, desjaite the 
aibsenee fif clinical signs of iiKaiinga'al iriitalion. Aecoidingly, the patient also roceia'C.'I 
ol intrathecal injf'dions of O.O.A or 0.1 gtn. of the alrng during an eight ivock period 
which ended on May 12 (nine days after the last isolation of tubercle bacilli from the 
cerebrospinal fluid). Intr.amuscular streptomycin was discontinued on May .dl, and the 
patient was discharged on ,Iune 2d. 

During the seven weeks after the ce.ssition of therapy there were no oviclence.s of either 
meningeal nr miliary tuberculosis on clinical, roentgenological, and bacteriological ex- 
amination. although till' cerebrosiiinal fluid sugar was dl mg. per cent at discharge. A 
m.arked imii.airment of he.iring ivas |»re.sent and there iv.as definite .ata.via. 

Eight weeks after (he completion of the antimicrobial thcrap.v the patient was re- 
admitted in coma and presented clinical and baetcriologic findings of tubereulous menin- 
gitis. .strcptomyi'in therapy was reinstituted by both the intramuscular and the intra- 
thce.al routes. The patient never reg lined consciousness, internal hydroecphalu.s hecamo 
evident, and she died thirteen weeks later on Xovember 4, 1940, ten months after the 
original institution of streptomycin treatment. 7’furc irns no critlciicc of relapse of the 
VI iliari/ 1 iibcrculosis. 

Tubercle bacilli coidd be isolated intermittently from the cerebrosiiinal fluid throughout 
the greater part of the ejiisodc of a.s.vmpfoniatic meningitis and <lurin.g the first two 
weeks of the subsequent clinically evident meningeal infection. .Subsequent culture-s 
were .sterile. Kciieatcd cultures and tiirect e.xaminations of the gastric washings during 
the last eight months of life failed to reveal the presence of tubercle bacilli. .All of the 
cultures isolated from the cerebrospinal fluid were inhibited in ritro by streptomycin 
concentrations of o.O niicrograms per ce. of medium. 

Gross pathological findiiigs (Autopsy Xo. 121G-1) : In the right lower lobe was a depressed 
area overlying a 1 X 1 .5 cm. very firm nodule. At the right hihim were five grey-yellow, 
firm lymph nodes, each measuring 1.0 cm. in diameter. On section, all of these nodules 

Fig. 1. Case 1. Healed miliary tubercles in lung. Kueli small scar is a healed tubercle. 
Their distribution in the lung tissue is liuile uniform and similar areas are seen in all lobes 
of the lungs. Xo active tubercles arc found. X25. 

Fig. 2. Case 1. Healed miliary tiiberele in lung. The le.sion i.s composed of a loose 
network of collagen and rclieuhim libers in which are scattered maeroiihages, lymphocytes, 
ami often several capillaries. Xo giant cells, areas of caseation, or aeid-fast bacilli are 
found in these lesions. XISO. 

Fig. 3. Case 1. Healed miliary tubereles in lung. Rctieulum stain, X50. 
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contained yellow-white, firm, caseous material in which was some calcification. About 
each nodule was a thick fibrous capsule. No other nodules or scars could be seen in the 
lungs. The liver, spleen, kidnej's, and adrenals contained no visible tubercles. 

The convolutions of the hemispheres of the brain were flattened, and there was slight 
thickening of the arachnoid over the cortex and marked thickening over the interpeduncu- 
lar space and over the pons and medulla. Internal hydrocephalus was marked. On 
section, no tubercles were seen in the brain. 

Postmorlciu baclcriologic cxaminaHon: Cultures of the lung tissue, made at a distance 
from the calcified tubercle, and of the brain and ventricular fluid were sterile. 

Microscopic obscrmHoris: The peripheral portion of the primary complex in the lung 
was a partly calcified caseous mass surrounded by a dense fibrous capsule. The hilar 
Ijunph nodes were similar. There was no evidence of activity in these lesions. 

Man3'' focal scars, presumably healed miliarj’^ tubercles, were seen in the lungs (figures 
1, 2, and 3), and some in the liver (figure 5). Acid-fast stains failed to reveal bacilli in 
these scars. No scars were identified in the spleen. No miliarj’' tubercles containing 
areas of caseation or giant cells were seen in the lungs, liver, or spleen. 

There was a marked chronic healing tuberculous meningitis (figure 4) with extensive 
fibrosis and many macrophages and lymphocytes but no areas of necrosis. Some fibrous 
proliferation of the intiraa of the vessels was noted. Small tubercles with caseous centers 
were found in the choroid plexus (figure 6) . No acid-fast bacilli were seen in these lesions. 

Anatomical diagnoses: 

Healed primarj’’ tuberculous complex with encapsulated calcified areas in the lung and 
lymph node. 

Healed mediastinal Ijunph node tuberculosis ufith encapsulation and calcification. 

Healed generalized miliaiy tuberculosis with focal scars in the lungs and liver. 

Chronic tuberculous meningitis with marked internal hydrocephalus, marked fibrosis 
of the meninges, and arteritis. 

Summary and Comment 

This 18-month-oId infant had had advanced tuberculosis of lymph nodes, mil- 
iary tuberculosis, and tuberculous meningitis. All clinical evidence of active 
disease disappeared under streptomycin therapy, but a marked chronic fibrous 
meningitis persisted, resulting in hydrocephalus and death eight months after its 
onset. At autopsy all lesions showed marked healing. The lungs and liver con- 
tained healed miliary tubercles. No tubercle bacilli were cultured from the lungs 
and brain, and none were seen on acid-fast stains of these organs. 

Case 2 (R.He.) Clinical summary; The patient was a 17-raonth-old infant who had 
received twenty-three days of streptomycin therapy two months previously because of 
the presence of miliary tuberculosis. On admission to the hospital (February 20, 1947), 
he presented the characteristic clinical and roentgenologic picture of miliary tuberculosis 
with enlarged mediastinal nodes. Clinical signs of meningitis were also present and 
tubercle bacilli were cultured from the cerebrospinal fluid. 

Streptomycin was administered for 124 days on a regimen of 0.6 gm. daily by the intra- 
muscular route supplemented by 49 intrathecal injections of 0.05 or 0.1 gm. 

After the institution of therapy, the cerebrospinal fluid cultures were sterile and there 
was clinical improvement accompanied by a complete clearing of the densities previously 
visible on the roentgenogram. Nevertheless, the cerebrospinal fluid sugar remained con- 
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sistentl.y below 40 mg. per cent even at the time of discharge on August 6. 1947. One 
month later, tubercle bacilli were cultured from the fluid of a follow-up lumbar puncture 
and the patient was readmitted for further streptomycin therapy. His condition deterio- 
rated rapidly, subarachnoid block developed, and he died on October 1, 1947, approxi- 
mately nine months after the first streptomycin therapy. Roentgenologic examination 
of the chest one week before death revealed no ex'idence of a return of the miliary tyjie 
densities. The cultures of tubercle bacilli obtained from the cerebrospinal fluid, both 
before intrathecal tretitment and during the relapse, were inhibited in vitro by streptomycin 
concentrations of 2.0 micrograms per cc. of medium. 

Gross pathological findings (Autojisj' Xo. 12559) : In the lower lobe of the right lung was 
a nodule, measuring 7.5 mm. in diameter, composed of partly calcified caseous material 
and surrounded by a thin fibrous capsule. In a hilar Ijnnph node was a similar partly 
calcified mass measuring 2 cm. in diameter. The lungs, IHer, sjileen, adrenals, kidnex'S, 
and other lymph nodes contained no grossly x'isible tubercles or scars. 

Over the base of the brain the leptomeninges were fibrous and thickened, obscuring the 
normal structures, and contained numerous miliary tubercles. There was marked en- 
largement of the lateral x'entricles. 

Postmortem bactcriologic examination: Cultures of the lung, liver, spleen, kidney, and 
mesenteric and hilar hanph nodes grew no bacilli. From the cerebral cortex and basilar 
meninges, tubercle bacilli were recovered which were sensitive to less than 1.0 microgram 
of streptomycin per cc. of culture medium. 

Microscopic observations: The primaiy peripheral tubercle in the lung and the involved 
hilar Ijnnph nodes consisted of jiartially calcified areas of caseous necrosis suirounded bj* 
a thin fibrous capsule. In some areas, howex^er, there xx'as recent caseation containing 
nuclear debris and surrounded bx' some epithelioid and giant cells. Although no acid- 
fast bacilli could be identified, the histological appearance of the lesion suggested actixity 
of the tuberculous process. 

In each of the lobes of the lungs and in the lix’er were manj* scattered focal scars of 
healed miliary tubercles similar to those seen in Case 1, and, in addition, a few miliary 
tubercles xvith caseous centers surrounded by epithelioid cells and a fibrous capsule. In 
the spleen xvere some poorlx' demarcated focal scam (figure 9) and a few actix'c miliary 
tubercles. Xo acid-fast bacilli were seen in the scars or actix'e lesions in these organs. 

The chronic meningitis xxdth many areas of actixdty is shown in figure 7. This consisted 
of masses of fibrous tissue containing focal areas of caseation, epithelioid cells, and many 
unusual!}' large giant cells. A fexv larger encapsulated tubercles were also seen. A few 
acid-fast bacilli xvere found in the small tubercles. Scx-eral large meningeal arteries 
shoxved marked fibrous intimal thickening (figure S). 

Anatomical diagnoses: 

Partially healed primary tuberculous complex xxith calcified encapsulated but probably 
active tuberculous are;is in the lung and lymph node. 

Fig. 7. Case 2. Actix-e chronic tuberculous meningitis. The section is through the 
meninges and nerx-c roots about the cerx'ical cord. Many caseous areas are seen surrounded 
by giant cells and much dense fibrous tissue. few acid-fast bacilli arc identified in this 
tissue. Similar lesions are found in the meninges of the brain. In the meninges about the 
base of the brain are some large caseous tubercles surrounded by thick fibrous capsules. 

X50. . 

Fig. S. Case 2. Arteritis in meninges of brain. The proliferative arteritis is marked in 

this case, xx'ith considerable reduction in the lumina of the x-cssels. X50. 

Fig. 9. Case 2. Focal scar in spleen. Sex-eral of these are found, and they probably are 
healed miliary tubercles. XISO. 
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Partially healed mediastinal l 3 Tnph node tuberculosis. 

Generalized miliary tuberculosis with many healed and a few probably active miliary 
tubercles in the lungs and liver and, to a lesser extent, in the spleen. 

Active chronic tuberculous meningitis with marked internal hj'drocephalus and marked 
fibrous endarteritis. 


Summaiy and Comment 

This 17-month-oId infant had mediastinal Ijmiph node tuberculosis, generalized 
miliary tuberculosis, and tuberculous meningitis. With streptomycin therapy 
the miliary tuberculosis disappeared, as indicated by the roentgenograms of the 
chest; but the meningitis, though markedly improved, persisted, ei'entually 
causing death seven and a half months after its onset. 

At autopsy the chronic meningitis showed evidence of extensii'e aetivit}" al- 
though the tubercle bacilli cultured from the meninges were still quite sensitive 
to streptomj^cin. A marked fibrous endarteritis was present in several large 
meningeal vessels. There ivere healed miliaiy tubercles in the lungs, liver, and 
spleen, but other tubercles seen in these organs appeared active despite the fact 
that no tubercle bacilli could be seen microscopicallj% and cultures were sterile. 

Cose 3 (S.Le.) Clinical summary: The patient was an 11 -j^ear-old Chinese female who Wvis 
admitted to the hospital on November 23, 1946, with the characteristic clinical, roentgeno- 
logic, and bacteriologic manifestations of acute miliarj’- tuberculosis accompanied bj' 
involvement of Ijanph nodes. Meningeal involvement was demonstrated by character- 
istic changes, including positive culture, in the cerebrospinal fluid, although clinical 
exddences of menmgitis were absent. 

Streptonycin was administered intramuscularlj'^ on a regimen of l.S gm. dail}' for sixty- 
eight days supplemented bj'' 27 intrathecal injections of 0.1 gm. 

During the first three weeks of antimicrobial therap 3 '- there was a marked clinical and 
roentgenologic improvement with ^irtualty complete clearing of the miliaiy densities in 
the lungs. Despite the continuation of streptom 3 'cin, all of the clinical and roentgeno- 
logic manifestations of the disease returned during the second month of treatment. The 
infection steadily progressed, and the patient died on the sLxty-eighth da 3 ’- of therapy. 
Deafness became exident before death. 

The pretreatment cultures of tubercle bacilli from the cervical nodes were inhibited in 
vitro bs’’ 2.0 micrograms of streptom 3 Tin per cc. of medium. The fimt positive cultures 
after the start of treatment were obtained on the forty-second da 3 ' and were not inhibited 
b 3 ' 500 micrograms per cc. of medium. All subsequent cultures were also resistant. 

Gross pathological findings (Autops 3 ^ No. 12289) : In the upper lobe of the right lung 
was a large camty surrounding which was a zone of tuberculous pneumonia. Scattered 
throughout the lungs were great numbers of tubercles measuring 3 mm. across; in man 3 ' 
places these were conglomerate. 

The ceiwical, mediastinal, abdominal, and some other banph nodes were enlarged and 
filled either with caseous material or, in some instances, with liquid exudate. There were 
multiple tuberculous abscesses in the cerxical, retroperitoneal, and pehic tissues. 

Great numbers of miliary tubercles xvere seen in the liver and spleen, and to a lesser 
extent in the kidne 3 ’s and adrenal glands, and on the pericardial and peritoneal surfaces. 

In the lower intestines were many small ulcem. The arachnoid over the brain and cord 
was slightly thickened. 
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Poslmnrkw bactcriologk rxainitialion; Cultures of the cervical abscess grew tubercle 
bacilli wiiicli were resistant to more than 500 inicrograins of strejrtoinycin per cc. of 
medium. 

.^firmaropic ohscrralions; The huge cavity in the right upper lobe was thin-walled 
and lined with caseous material. In the lung tissue elsewhere were tlie scars of healed 
miliary and larger tulicrcles (figures 10 and 11), cellular “soft” tubercles, and partially 
healed tuliereies with fresh caseous areas in their substance or at one edge of the scar 
(figure 10). 

In the, lymph nodes were much recent caseous nccro.sis and early abscess formation. 
In the liver were scars of healed miliary tubercles and many soft caseous lesions. The 
spleen and kidney contained caseous tubercles. Xo tubercle bacilli could be identified in 
the .«ca!-s in the lungs and liver, but in all ca.seous ".soft” tubercles were large numbers of 
acid-fast bacilli. 

There was a slight fibrous thickening (figure 12) of the jna-arachnoid containing 
lymphocytes and macrophages, and a few, small, jworly formctl tubcrcl&s containing 
epithelioid cells and lymiihocytes. There was a slight chronic ependymitis containing an 
occasional giant cell and a thickening of a few of the arterioles of the pia-arachnoid. Xo 
areas of casc;\tion or arteritis were seen. 

Anatomical diagnoses: 

Primarj' pulmonary tuberculosis with cavity formation, tuberculous bronchitis, and 
tracheitis. 

Generalized tuberculosis of lymph nodes with multiple tuberculous abscesses. 

Tuberculous pericarditis, ireritonitis, and enteritis. 

Generalized miliary tuberculosis with caseous tubercles in the lungs, liver, spleen, and 
bone marrow, and the scars of healed tubercles in the lungs and liver. 

Slight chronic tuberculous meningitis. 

Summarj’^ and Comment 

An 11-year-oki Chinese female developed massive lymph node tuberculosis 
with draining sinuses, generalized miliary tuberculosis, and tuberculous menin- 
gitis. She was treated with streptomycin with marlved clinical improvement, 
but with subsequent rapid return of all processes except the meningitis, which 
did not i-ecur clinically. During the therapy the sensitivity of the bacilli to 
streptomycin decreased markedlj'. 

At autopsy there was far advanced tuberculosis with many bacilli in the case- 
ous lesions. The evidence of healing consisted of scars in the lungs and liver 
and slight fibrous thickening of the leptomcninges. Some miliary tubercles in 
the lungs seemed to recur in partially healed scars. 

Case 4 (C.Co.) Clinical szanmarij: The patient was a 21-year-old white male who was 
admitted to the hospital on March 25, 194G, Avith Ijmph node tuberculosis and clinical 
roentgenologic and bacteriologic manifestations of acute miliary tuberculosis. 

Streptomycin therapy Avas started immediately and consisted of the intramuscular 
administration of 3.0 gm. daily for a total period of five months. A dramatic clinical 
improvement followed the start of therapy. Minimal evidences of meningitis, without 
positive culture, which appeared on the thirty-fifth da 3 '', promptly subsided folIoAving the 
intrathecal administration of the drug, 0.1 gm. daily for the folloAving month. During 
the third month of antimicrobial therapy, the p.atient presented no clinical, roentgeno- 
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logic, or bacteriologic evidences of his infection. Eelapse first appeared at tlie beginning 
of the fourth month, and soon there was a return of the original manifestations of the 
disease. Despite the continuation of intramuscular streptomj^cin therapy, the infection 
continued to piogress and terminated fatally on September 3, 1946, five months after 
the original institution of treatment. Impairment of healing appeared during treatment. 

Cultures of tubercle bacilli obtained from l3miph nodes and gastric washings before 
treatment were inhibited in vitro by streptom3'cin concentrations of 1.0 microgram per cc. 
of medium. During the period of the remission of the infection, no bacilli were obtainable 
b3'' culture. Cultures of tubercle bacilli obtained from l3’mph node and gastric washings 
at the onset of relapse were not inhibited by streptom3Tin concentrations of 1,000 micro- 
grams per cc. of medium. All cultures obtained subsequentl3’' were similarly resistant to 
the action of streptomycin in vitro. 

Gross pathological findings (Autops3^No. 12092); There was great enlargement of the 
cervical, mediastinal, and abdominal lymph nodes. Some nodes contained green liquid 
material; others, firmer caseous mateiial. Below the left mandible were three large 
multilocular tuberculous abscesses. There was also a large retrophar3mgeal abscess. 
There were tremendous numbers of large miliaiy tubercles (0.5 to 3 mm. in diameter) 
scattered diffusel3'- through the lungs, and in the liver and spleen. In these organs, and 
in the kidneys, adrenals, and thyroid were also tubercles of a larger size, reaching 4 mm. 
in diameter. There were small tubercles in the mucosa of the ileum and cecum with many 
areas of ulceration. 

There were milkiness and some thickening of the arachnoid, most marked over the base 
of the brain. Several minute tubercles could be seen in the arachnoid. The lateral 
ventricles were slightly dilated. No tubercles were seen on thin sections of the brain. 

Postmortem bacteriologic examination: Cultures of a cervical abscess and of the spinal 
fluid grew tubercle bacilli which were resistant to 1,000 micrograms of streptom3''cin per 
cc. of medium. 

Microscopic observations: The l3miph nodes were replaced b3'’ masses of necrotic debris 
surrounded by a thin wall of epithelioid cells and fibrous tissue. Acid-fast bacilli were 
abundant. 

In all sections of the lung were veiy large miHar3^ tubercles, most of which had a large 
center of recent caseous material surrounded by a thin ring of fibrous tissue (figure 13). 
Outside of this “ring” the tubercles varied: some were surrounded b3" 1110113’- epithelioid 
cells, an occasional giant cell, and fibrous tissue, but around most was more necrosis and 
evidence of spread of the tuberculous process. All contained large numbers of acid-fast 
bacilli. In addition to these tubercles, there were some focal scars of healed miliai3'- 
tubercles (figure 14). 


Fig. 10. Cases. Active and healed miliary tubercles in lung. In this photomicrograph 
are several healed miliaiy tubercles and scattered large caseous miliar3' tubercles, one of 
which is adjacent to a large partiall3' healed miliar3'- tubercle, hlaiu' acid-fast bacilli are 
seen in the caseous material, but none in the focal scars. X25. 

Fig. 11. Case 3. Healed miliar 3 ’ tubercle in lung. The lesion is composed of loosely 
arranged collagen, some macrophages, l 3 ’mphoc 3 'tes, and a few capillaries. XISO. 

Fig. 12. Case 3. Slight chronic tuberculous meningitis. The section is tiirough the 
meninges at the base of the brain. The pia-arachnoid is slightl 3 ' thickened and contains 
some macrophages and foci of hymphoc\'les. Elsewhere are a few poorh' formed tubercles 
containing some epit helioid cells but no areas of caseation. The walls of some of tlie arte- 
rioles in the pia-arachnoid are thickened. There is also a .slight chronic eiiomh'initi.s con- 
taining an occasional giant cell. XISO. 
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In the liver were active tubercles and some focal scars (figure 15). Active railiarj'- 
tubercles were seen in the spleen and other organs. In the ileum were early tuberculous 
ulcers. 

In the arachnoid over the cerebral cortex and pons was a slight exudate of poljTnorpho- 
nuclear leukocjdes, macrophages, and Ijunphocytes, with early tubercle formation. 

Anatomical diagnoses: 

Massive caseating lymph node tuberculosis of the cervical, mediastinal, and abdominal 
l3’mph nodes; multiple tuberculous abscesses in the neck. 

Generalized miliary tuberculosis, with e.xtension of most tubercles, but with evidence 
of healing in the lungs and liver; tuberculous enteritis; and eaiij’’ tuberculous meningitis. 

Summary and Comment 

A 21-5'^ear-old male developed rapidly progressive tuberculosis of Ismph nodes 
and generalized miliary tuberculosis. Streptomycin therapy ivas accompanied 
by rapid clinical improvement. After one month, slight meningitis without posi- 
tive spinal fluid culture developed and disappeared under treatment with intra- 
thecal streptomycin. In the fourth month of therapy relapse began and w'as 
progressive. During the course of therapy the tubercle bacilli became very re- 
sistant to streptomycin. 

At autopsy the only evidences of modification wm’e seen in the rings of fibrous 
tissue in tubercles found in the lungs and in the scars of healed miliary tubercles 
seen in the lungs and liver. In the remainder of the lesions the disease wms 
progressive. 

Case 5 (H.Cl.) Clinical summary: The patient w'as a 44-year-old white male who w'as 
admitted to the hospital on December 30, 1945. Tw'enty months pre^dously he had had 
a left nephrectomj'' for renal tuberculosis. The present illness w^as characterized bj'’ con- 
tinued fever, splenomegaly, roentgenologicallj’' demonstrable miliary densities throughout 
both lungs, and choroidal tubercles. 

It was never possible to culture tubercle bacilli from the various discharges of the patient 
examined during life. 

Streptomycin therapy (3.0 gra. dailj'-) was started on January 27, 1946, and was dis- 
continued at the end of fifty-four days because of exddence of impaired renal function. 

The patient became afebrile shortlj'- after the start of antimicrobial therapj'. During 
the period of drug treatment and the four months thereafter, he continued to improve and 
the miliaiy densities could no longer be ^^sualized on the roentgenogram. An cas}' 
fatigabilitj’’ persisted and in August 1946, four months after the cessation of thera])}'', a 
relapse occurred, characterized bj'’ a return of fever and the miliaiy densities in the lungs 
demonstrable on the roentgenogram. 


Fig. 13. Case 4. Active miliary tubercle in lung. In the center of the lesion is a mass 
of caseous material partially surrounded by a ring of collagen which appears light-colored 
in the photomicrograph. Outside of this is another area of recent caseous necrosis. Acid- 
fast bacilli are abundant in the caseous material. X50. 

Fig. 14. Case 4. Healed miliary tubercle in lung. Only a few of these scars arc found 
in this case, though the clinical response to streptomycin was c.vcellent. X140. 

Fig. 15. Case 4. Healed miliary tubercle in liver. This is a dense scar containing a 
few macrophages and lymphocytes. X2S0. 
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Streptomj-cin (1.0 gm. daih') was reiiistitutecl and continued for seventy days until 
November 15, 1946. At this tune the patient app&ired well and the miliary densities had 
again disappeared. During this second course of streptomycin therapy, the jiatient 
became completel}' deaf and showed evidence of vestibular dj’sfunction. The imjiairmcnt 
of renal function (urea clearance 13 per cent) did not obviously progress during this course 
of drug therapy and the blood urea nitrogen ranged between 30 and 40 mg. per cent. 

Three weeks after completion of the streptomj'cin treatment, a second relajise of the 
infection occurred and drug therapy was reinstituted. His condition steadily grew 
worse, and the blood ureji nitrogen rose to 105 ing. jier cent. The patient died on Decem- 
ber 12, 1946, apparentlj" as a result of a combination of the infection and the renal in- 
sufficiency. 

Gross pathological findings (Autopsy No. 12222) : The left kidney was absent, but .at its 
site was an encapsulated caseous and calcified mass measuring 2 by 2 by 4 cm. In the 
mesenteiy was a calcified lymph node. Scattered throughout all lobes of tke lungs were 
many tiny nodules, hlost of the lung tissue was slightly gray and firmer than normal. 
The hilar lymjih nodes were uninvolved. 

The spleen and the liver contained no visible tubercles. In the medullary portion of 
the right kidney were many round, pinhead sized nodules. 

Postmortem hacteriologic examination: Cultures of the lung yielded a slowly growing 
strain of tubercle bacilli which grew so poorly on artificial media that satisfactory in 
vitro drug sensitivity studies could not be performed. At least some of the bacterial cells, 
however, were not inhibited by strcptomj’cin concentrations of 10 micingrams j)cr cc. of 
medium, but were inhibited by concentrations of 100 micrograms. Cultures of the 
kidnej', spleen, left renal mass, ventricular fluid, and brain grew no tubercle liacilli. 

Microscopic observations: The alteration of the parenchyma of the lungs is shown in 
figure 16. This was seen in all lobes and is best interpreted as an unusual type of chronic 
tuberculous pneumonia, characterized b,v the presence in the ah’ooli of fibrous tissue, 
macrophages, large giant cells (figure 17), and focal arc;is of caseation. The endo- 
angiitis (figures 10 and IS) was striking and involved many small vessels, some of which 
were thrombosed. IMany focal scars of healed miliary tubercles were also seen. 

There were a large number of small scars in the liver (figure 21), a few scara in the 
spleen and in both the liver and spleen many small tubercles containing caseous areas 
and a few acid-fast bacilli. 

In the kidney were many small rounded scara having the general shape of small healed 
tubercles and composed of fibrous tissue ami lymphocytes, areas of moie diffuse fibro-sis 
containing giant cells, and a few active miliary tubercles. Therc were also several huger 
encapsulated tubercles (figure 20). The renal tubules showed some degeneration. 

In the jions were several healing tubercles (figure 19). There was no meningitis. 

.4 natomieal diagnoses: 

llonal tuberculosis, with .surgical absence of the left kidney and healing caseonodular 
tubercles in the right kidney. 

I'lO, 10. Case 5. Chronic tuberculous pneumonia. The alveoli arc filled «ilh fibrou.s 
tissue, macrophages, and large giant cells. In some alveoli are focal areas of caseation in 
which a few acid-fast bacilli can be .seen. In many of the small arteries and veins is a tuber- 
culous endoangiitis, and two involved ve.s.sels can be .seen in this photomicrograph. X.'iO. 

Fig. it. Case ,5. Ciant cells in pneumonia. The tremendous giant cells and the inlil 
tration of the alveoli are shown. XISO, 

Fig. is. Case .5. Tuberculous endoangiitis. There is a mass of tuberculous inllamnia- 
torv tissue projecting from tin' intirna into the lumen of the %-essel. Xisfl. 
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Generalized miliarj' tuberculosis mth active miliarj'^ tubercles in the lungs, liver, 
spleen, and kidney, healed miliarj' tubercles in the lungs, liver, and kidne}', and healing 
small tubercles in the brain. 

Diffuse chronic tuberculous pneumonia, with tuberculous endoangiitis. 

Summarj’- and Comment 

A 44-year-old man, who developed miliai^’- tuberculosis following nephrectomj' 
for renal tuberculosis, had an excellent response to streptomycin therapj’- on two 
occasions. Kenal insufficiency was prominent during the clinical course. 

At autopsy the scars of healed miliary tubercles were seen in the lungs, liver, 
spleen, and brain. The diffuse, chronic, pneumonia-like process in the lungs 
probablj' resulted from e.xtension from the miliar}’- tuberculosis. The frequency 
of the endoangiitis was unusual. It is of interest that the tubercle bacilli re- 
covered from the lungs postmortem, the only bacilli ever cultured in this case, 
grew very poorly on artificial media. 

In view of the e.xtensive diffuse tuberculous involvement of the Iddney, it is 
doubtful that streptomycin pla 5 'ed a great role in the renal failure. 

Case 6 (E.De.) Clinical summary: The patient was a 19-3'ear-old wliite female who was 
admitted to the liospital on July 31, 1946, with actively progressing tuberculosis of lungs, 
cendcal Ijanph nodes, epiglottis, and pharynx of four months’ duration. The involve- 
ment of these structures was ewdent on admission, as well as the presence of disseminated 
miliarj’ densities in the lungs on the roentgenogram, and choroidal tubercles. 

During the first two months of streptomycin therapy (3 gm. daily in diwded doses) 
defervescence occurred, the mucosal lesions healed, and the abnormal roentgenologic 
findings disappeared except for a small, thin-walled, apical caadty. Meningitis appeared 
at the end of the second month and the patient received 32 intrathecal injections of 0.1 to 
0.375 gm. of streptomycin in a total period of forty d.aj’s, with no significant clinical 
improvement. Relapse of the pharjmgeal lesions occurred during the tlurd month of 
therapy and was also accompanied by a return of the mih'ary densities on the roentgeno- 
gram. Despite continuation of the streptomj'cin, the infection progressed steadily, 
virtually complete deafness developed, and the patient died November 12, 1946, 101 daj-s 
after the start of antimicrobial therapj'. 

Cultures of tubercle bacilli isolated from the sputum before therapj’ were completol}’ 
inhibited by 1.0 microgram of streptomycin per cc. of medium. On the sixty-first day, 
bacilli resistant to 500 micrograms per cc. were cultured from the sputum and also from 
the cerebrospinal fluid. Subsequent cultures isolated from the cerebrospinal fluid, how- 
ever, were sensitive to 2.0 to 15 micrograms of streptomj’cin, but terminally, drug- 
resistant bacilli were also cultured from this source. 

Gross patholoyical findings (Autopsy No. 121S0): In the upper lobes of both lungs were 

Fig. 19. Case 5. Ilcaling small tubercle in the brain. Se^’cr.al of these lesions arc found 
in the pons. Each is composed of a mass of fibrous tissue in which arc some macrophages 
.and gi.ant cells, but no .areas of c.asc.ation. XI50. 

Fig. 20. Case 5. Encapsulated tubercle in the kidnej'. The c.ascous center is sur- 
rounded bj' .a dense fibrous c.apsulc. About this lesion, howc%’cr, .arc a few sra.al! active 
tubercles, one of which is .actu.ally in the c.apsulc itself. X90. 

Fig. 21. CaseS. Hc.aling tubercles in the liver. These arc verj* numerous, almost giving 
the apiTcar.ancc of cirrhosis. Each is composed of fibrous tissue, nuscrophages, and lj*m- 
phocytes. X90. 
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tuberculous ca^•ities, the largest 3.5 cm. in diameter. There was e.\tensive tubercle 
formation and areas of caseation about many of the bronclxioles throughout these lobes 
and in areas in the lower lobes. Scattered throughout the lungs were great numbers of 
miliary tubercles measuring up to 3 nmi. in diameter. The hilar nodes were slightly 
enlarged, gre 3 ’--wMte, and firm. 

Throughout the lungs and beneath the pleural surface were numerous small cj'sts lined 
by a thin smooth membrane and measuring from 2 to 15 mm. in diameter. 

The posterior pharjmx, the epiglottis, and the vocal cords were ulcerated. Lateral to 
the larynx w'as a small abscess caidty. 

There were numerous miliarj’- tubercles in the spleen and liver, and fewer in the kidnej'S 
and adrenals. In the ileum and cecum were areas of tuberculous ulceration. In the 
IjTnph nodes about the cecal region were some areas of caseation. 

The arachnoid was moderately thickened and opaque. A few small tubercles were 
seen over the base of the brain. In the cerebellum was a tuberculoma 6 mm. in diameter. 

Postmortem baderiologic examination: Cultures of the lung grew tubercle bacilli which 
were resistant to more than 500 micrograms of streptomycin per cc. of medium. 

Microscopic observations: In sections through cardties in the right upper lobe the walls 
consisted of a thin layer of epithelioid cells, fibroblasts, and a few giant cells, and in the 
caseous contents were many acid-fast organisms. In the adjacent lung tissue were 
tuberculous abscesses. In the lung tissue away from the cavities were numerous “soft” 
miliary* tubercles containing many acid-fast bacilli. In addition, there were many small 
and large scars characteristic of healed tubercles and some scars which -contained areas of 
tuberculous actinty. None of the healed lesions contained acid-fast bacilli. In the lung 
parenchyma were a few thin-walled, noninfected cysts. In the pharjmx, larjTix, and back 
of the tongue were superficial .and deep tuberculous ulcers containing many acid-fast 
bacilli. 

Most of the Ijanph nodes contained many areas of early softening, often forming focal 
abscesses. In a few were small hyalinized scars. In the liver were active miliary 
tubercles and some focal scare. Acid-fast bacilli were seen in the tubercles with caseous 
centers, but not in the scare. In the spleen were many small active tubercles. 

In the right anterior cerebellum was a tuberculoma composed of caseous material and 
containing large numbers of acid-fast bacilli. In the meninges were large caseous tuber- 
cles with poorly formed walls. Many of the small arteries showed a marked intimal 
fibrous proliferation. 

Anatomical diagnoses: 

Pulmonarj' tuberculosis with carity formation. 

Ulcerative tuberculosis of the lar>'n.v, ph3r}'n.\, ileum, and cecum; .and tuberculosis of 
hilar and mesenteric Ijnnph nodes. 

Generalized miliarj- tuberculosis with haalcd miliary tubercles in the liver and lung^, 
and c.aEeous, soft, miliarj* tubercles in these and other organs. 

Tuberculoma in cerebellum and advanced tuberculous meningitis with fibrous endar- 
teritis. 

An .accessory diagnosis was c}*5tic disease of the lungs.* 

* The nature of the multiple cj’sts, without trace of inflamm.atorj’ reaction in their w.alls, 
is obscure. Thej* do not have the structure of cmphj’scm.atou.s bullae. One of us (C. .M.) 
regards them as prob.ablc cavities resulting from miliary tubcrcle.s. The m.njoritj' inter- 
pret them .-u? cj’stic disease, prob.ablj’ of congenital origin. To our knowledge, no other 
instance of this t j’pe of multiple cavitation {if it be such), showing no specific tulterrulous 
grtinulation tissue, has been described in miliary tiibc.-culosi.s with or wit.hout streplomyein 
therapy. 
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Summary and Comment 

A 19-year-old white female developed a diffuse pulmonary tuberculosis, tu- 
berculous ulceration of the pharynx and epiglottis, and generalized miliary 
tuberculosis. Streptomycin produced clinical healing in all lesions; ulti- 
mately meningitis developed, and the lesions returned. Tubercle bacilli became 
markedly resistant to streptomycin in vitro. 

At autopsy focal scars in the lungs and liver gave evidence of healing; other- 
wise the picture was that of progressive disease. The meningitis was advanced 
with marked arteritis. 

Case 7 (A.Ke.) Clinical summary: The patient was a 63-year-oId man who developed 
acute meningeal and miliary tuberculosis as a complication of chronic pulmonary and 
laryngeal disease. 

Streptomycin therapy consisted of 3.0 gm. daily in divided doses by the intramuscular 
route and 0.1 gm. intrathecally at forty-eight hom inteivals. The total period of therapj'- 
was thirty-eight days, during which 21 intrathecal treatments were given. 

Clinical improvement was evident during the first week of treatment, although some 
signs of meningitis persisted. Improvement continued and the temperature gradually 
fell until the thirty-seventh day of treatment when the patient suddenly became critically 
ill and expired within twenty-four hours. 

Cultures of tubercle bacilli isolated from sputum and cerebrospinal fluid before treat- 
ment were completely inhibited by streptomycin concentrations of 1.95 micrograms per 
cc. of medium. 

Gross pathological findings (Autopsy No. 12392) : The upper lobe of the right lung was 
replaced by fibrous tissue containing multiple small, thin-walled cavities partly fiffed with 
caseous material. In the remainder of the lungs were areas of tuberculous broncho- 
pneumonia. Throughout the lungs were numerous 1 to 2 mm. miliary tubercles. The 
epiglottis and vocal cords were thickened and ulcerated. 

A few miliary tubercles were seen in the liver and spleen and many focal gre3''-}’'ellow 
areas, measuring up to 7 mm. across, in the kidnejrs. In the mucosal surface and involving 
the muscularis of the jejunum and ileum were manj'' large (up to 3.5 cm. across), firm, 
grey-yellow, circumscribed areas of fibrous thickening, in the centers of which were irregu- 
lar areas of ulceration. 

The cerebral convolutions were sUghtty flattened and the arachnoid over the brain was 
thickened and contained a few small tubercles. The arachnoid of the spinal cord was 
thickened and opaque and contained many small, round, white tubercles. 

Poslmortem bacleriologic examination: Cultures of the lung and cerebrospinal fluid 
failed to grow tubercle bacilli. Bacilli isolated from the kidney were sensitive to less than 
1.95 micrograms of streptomycin per cc. of medium. Those from the brain required 
between 8 and 15 micrograms of streptomycin per cc. for complete inhibition. 

Microscopic observations: The cavities in the upper lobe of the right lung were sur- 
rounded by fibrous tissue and lined by caseous material containing many acid-fast bacilli. 
In the other lobes of the lungs were numerous small tubercles, with thick fibrotic walls, 
epithelioid cells, occasional giant cells, and central caseation containing acid-fast bacilli. 
Elsewhere were scattered focal scars. 

In the liver were scattered fibrous nodules containing lymphocjdes and macrophages. 
In the spleen were scattered tubercles composed of epithelioid cells, giant cells, and 
fibrous tissue. In the kidneys were several fibrotic tubercles. 
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In the ileum, in sections taken through two of the lesions observ’ed in the gross, the 
fcubmucosa was greatly thickened bj* masses of macrophages, IjTuphocj'tes, some poly- 
moiphonuclear Ieukoc 3 'tes, and fibroblasts. A few tubercle bacilli were found. 

Examination of the cauda equina showed perivascular fibrosis and a marked cellular 
exudate consisting of lj-mphoc 3 'tes and macrophages surrounding the cord and matting 
the nerv'e roots together, with marked infiltration of the roots and some inTOsion of the 
dura and one of the posterior root ganglia. In the meninges over the brain were a few 
active tubercles. 

Anatomical diagnoses: 

Chronic pulmonar 3 ' tuberculosis with ca\itation. 

Clironic ulcerative tuberculosis of the lar 3 mx and epiglottis. 

Hsiperplastic tuberculous enteritis, with some healing. 

hliliary tuberculosis with healed and active miliar 3 * tubercles in the lungs and liver and 
fibroplastic tubercles in the spleen and kidnej’s. 

Acute tuberculous meningitis and meningoradiculitis with some healing about the 
cauda equina. 


Summar}’- and Comment 

A G3-year-oId w'hite male with chronic pulmonar 3 ’- tuberculosis, generalized 
miliar}’- tuberculosis, and tuberculous meningitis was treated with streptom 3 ’-cin 
for thirty-nine da 5 '^s. There w'as a transient improvement, then death. At au- 
topsy there was no alteration of the ulcerative process in the lungs, but the dis- 
seminated lesions in the lungs showed marked fibrosis and microscopic evidence 
of healing, as did those in the liver and kidnej’s. The intestinal ulcers and the 
disease in the cauda equina also showed e^idence of liealing. Tubercle bacilli 
remained sensitive, e.xcept for those cultured from the brain postmortem which 
required 8 to 15 micrograms of streptom 3 ’’cin per cc. of culture medium for in- 
hibition. 


RECAI»ITUL.\TIOK OF HISTOLOGICAL OBSERVATIONS 

Lungs 

Modification of the miliary tnhcrclcs: Several t 3 'pes of modified miliary tubercles 
wore observed in the lungs. The first was a focal fibrotic scar (figures 1, 2, 3, 
10, 11, 14). Tliesc were obsen-ed in vai^nng numbers in each of the seven cases 
of miliar}’ tuberculosis. Some of the scars were small, at times only 3 to 5 al- 
veolar spaces in length and 1 to 2 in widtlj, but others were considerably larger. 
Each consisted of a loose network of collagen containing a few fibroc}'tes, mac- 
rophages, and lymphoc}*tes, as well .as some capillaries. No acid-fast bacilli 
could be found in sections of these .scars. 

In Case 1, a child of eighteen months, there were no active tuliercles in the 
lung tissue, only scattered focal sc.ars. In this case a roentgenogram of the cho-st. 
before treatment was begun had revealed widespread miliar}’ tulxirculosis and 
the gastric washings had contained tulxircle bacilli. With streptomycin fhcnipy 
the miliaiy lc.'ions in the lung disappeared completely .and never recurred in the 
nine remaining months of life, .-kt necropsy the lung tis.-ue contained no vi<’iblf; 
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(figures 16 and 18). This case is difficult to interpret and perhaps had best be 
considered as a very unusual type of chronic tuberculous pneumonia, possibly 
arising from miliary tuberculosis. The organism recovered from the lungs after 
death grew very slowly as compared to those recovered from the other cases. 

The peripheral primary complex was observed in the lungs in Cases 1 and 2. 
Both of these were 3 ’'oung children, and in each, before the start of streptomycin 
therapy, a roentgenogram of the lungs showed a dense large shadow with poorly 
defined borders in the peripheral portions of the lungs. Calcification, if present, 
was poorly defined. Under treatment, these lesions appeared to become more 
circumscribed and calcification became evident. In the first case, at autopsy 
the peripheral tubercle and hilar node were composed of a mass of partially 
calcified caseous material surrounded by a dense wall of fibrous tissue. No 
giant cells or other evidence of activity could be seen, and no acid-fast bacilli 
were foxmd. On the basis of the histological appearance of the lesions, one can 
say that the disease process was arrested. In the corresponding lesions of the 
second case there was a thin fibrous capsule about the partly calcified caseous 
material, but in it -were recent areas of caseation and giant cells. No acid-fast 
bacilli could be seen. 


Liver 

In each of the seven streptomytin-treated cases of miliary tuberculosis in- 
cluded in this study, focal scars were foimd in the liver (figures 5, 15, 21). These 
were slightly smaller than the usual miliary tubercle and consisted of a small 
mass of collagen containing a few lymphocytes and macrophages, but no giant 
cells or acid-fast bacilli. These scars apparentlj’- were the result of the healing 
of miliary tubercles in the liver, as has been previously described (1). 

In Case 1 no active tubercles were found. In the other six cases, in addition 
to the scars, there were some active miliary tubercles in the liver. In Case 5 
these scars and active foci were very abundant (figure 21). 

Spleen 

The spleen proved to be a difficult organ in which to identify the scars of 
healed miliary tubercles. In Case 1 many focal scars were foxmd in the lungs 
and liver, and it seemed likely that similar scars would be found in the spleen; 
j^et none xvere identified. In Case 2, however, (figure 9) and in Case 6 some 
rather loose areas of scarring were seen in the spleen, and it seemed likely that 
these were healed miliary tubercles. Similar lesions were observed by Baggen- 
stoss, Feldman, and Hinshaw (1). 

In all cases save Case 1 there were some active miliaiy tubercles in the spleen. 

Lymph Nodes 

The decrease in the size of tuberculous lymph nodes during therapy with 
streptomycin may be rapid ; following this, the disease may not recur, or, at about 
the same time as the organisms evidence resistance to the drug, the nodes may 
rapidly enlarge and the disease progress as before the initiation of therapy (2). 
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In Cases 1 and 2 of this series, both infants of about two years of age with 
tuberculosis of Ijunph nodes, there was a dramatic clinical response to strepto- 
mycin therapy; the enlarged lymph nodes rapidl}’’ decreased in size and enlarge- 
ment did not recur. At autopsy in Case 1 the tracheobronchial lymph nodes 
contained partiallj’^ calcified caseous material surrounded by a dense fibrous cap- 
sule. There was no histologic evidence of activity, and acid-fast stains revealed 
no bacilli. 

In the second case, although there was calcification of some of the caseous 
material in the Ijunph nodes, many small areas of recent necrosis and many small 
tubercles could be seen, suggesting activit 3 % although no acid-fast bacilli could 
be demonstrated. Had this infant lived longer, it is possible that the lymph 
node tuberculosis would have recurred. 

In Cases 3, 4 and 0 there had been extensive tuberculosis of lymph nodes during 
life which had regressed for a time during the strcptomj'cin therapy, only to 
recur. In some of the Ijmph nodes of these patients focal scars ivere seen, but 
in most there was onlj' a mass of recent caseous material containing many ba- 
cilli . As there was such extensive disease of these nodes at autopsy, it is probable 
that evidence of healing ma}'’ have been obscured or obliterated. 

Gastro-Intestinal Tract 

In Cases 3, 4, and G typical tuberculous ulcers were found in the intestinal 
tract, and acid-fast bacilli were easily identified in these lesions. In only Case 7 
was there marked healing in the ulcers, the base of the ulcers being composed of 
fibrous tissue containing many macrophages and a few polymorphonuclear leu- 
kocytes. No tubercles were seen, but a few acid-fast bacilli were identified in 
this mass of inflammatorj' tissue. 


Kidney 

In general the kidne 3 ’’S were unremarkable, but in Case 5 changes were ob- 
served. This man had had a nephrectomj’^ for renal tuberculosis about two 
years before his death from generalized miliary tuberculosis, and during 
his streptomycin therapy developed evidence of renal damage, as indicated by 
decreased renal function tests and elevated blood urea nitrogen. He died with 
uremia. The remaining kidney contained many small rounded scars having the 
appearance of healed small tubercles, and some diffuse fibrosis of the parenchyma. 
There were also a few recent caseous miliary tubercles. In the organ were also 
a few larger tubercles with a caseous center surrounded by a thick fibrous capsule 
(figure 20). There was also degeneration of the tubular epithelium and focal 
areas of calcification within the tubules. To interpret these tubular changes 
as related to streptomj^cin therapy is difficult in view of the widespread 
renal tuberculosis. 


Other Organs 

Although there vns clinical evidence of healing of tuberculosis of the upper 
respiratory tract in Case 6, the recurrence of the process may have obliterated 
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any evidence of healing, and the tuberculous ulcers seen at autops^’- were recent 
and active. No healed tubercles could be identified in the bone marrow or 
adrenals. 


Central Nervous S3'stem 

Meninges: In Case 3, a child of 11 years whose visceral tuberculosis responded 
poorly to the streptomycin therapy, autopsy showed a slight fibrous thickening 
of the arachnoid (figure 12) in which there were a few small and large mono- 
nuclear cells and some poorlj' formed tubercles without caseous centers. There 
was also a slight ependjunitis. These findings suggest that a slight chronic men- 
ingitis persisted. The clinical history indicates that this child had had a minimal 
tuberculous meningitis two months before death, and tubercle bacilli were cul- 
tured from the cerebrospinal fluid befoin the intrathecal streptom5''cin ther3p3’’ 
was begun. 

In Case 1 the meningitis was of a A^erj'- chronic nature and was terminated by 
internal hi’^drocephalus. This child had the meningeal disease for at least eight 
months, a much longer period of time than Case 3, and was ^ven two courses of 
intrathecal streptom3Tin. For the last fifty-si.\' days of life the cerebrospinal 
fluid contained no tubercle bacilli on repeated examinations. At autops3’' there 
was a marked chronic healing tuberculous meningitis (figure 4) nith fibrous endar- 
teritis; tubercle bacilli could not be demonstrated by culture or by acid-fast 
stain. Nevertheless, a few tubercles ndth caseous centers, but no giant cells or 
acid-fast bacilli, were found in the choroid plexus (figure 6). It is difficult to be 
certain of the degree of activity of the disease in these lesions. 

A marked chronic but active tuberculous meningitis was found in Case 2 
(figure 7), and the massive fibrosis and vascular intimal proliferation (figure 8) 
reflected the long-standing disease process (seven and one-half mouths). A few 
acid-fast bacilli were found in the meninges, and postmortem cultures yielded 
bacilli sensitive in vitro to streptom3’’cin. 

In one case (Case 7), an acute tuberculous meningitis was found in association 
with a meningoradiculitis, shondng some emdence of healing in the cauda equina. 
Tubercle bacilli recovered from the brain postmortem showed moderate resist- 
ance to streptomycin. 

An advanced meningitis, associated ndth a tuberculoma of the cerebellum and 
with some fibrous endarteritis, was present in Case 6. The meningitis in this 
case showed no e\ddence of healing. The bacilli varied somewhat in sensitivit3’-, 
but eventuall3’’ became resistant hi vitro. 

Brain: In Case 5 healing tubercles were found in the brain (figure 19). These 
were seen in the pons and consisted of fibrous nodules, in the centers of which 
were a few giant cells, monoc3d,es, and l3’mphoc3i:es. No acid-fast bacilli or 
areas of caseation were found. In Case 6 there was a tuberculoma in the cere- 
bellum, which showed no evidence of healing. 

A preliminaiy report of the stud3’- of the changes seen in the eighth cranial 
nuclei has already been published (5), and it may be stated here that degeneration 
of the neurones in the ventral cochlear nuclei was seen in all cases in wliich there 
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was clinical evidence of deafness and where these structures were examined (Cases 
1, 2, 3, 4, 5, and 6). There was also degeneration of the neurones in the inferior 
vestibular nuclei in Cases 3 and 4. 

DISCUSSION 

In the seven cases of miliary tuberculosis treated with streptomycin which 
have come to autopsj', there was evidence of healing in all. In each of these the 
most impressive evudence of healing was found in the miliaiy tubercles of the 
lungs and liver, and in some instances in the spleen, although even in these tissues 
healing was often incomplete or transitory. Similar observations have been 
made by Baggenstoss, Feldman, and Hinshaw (1), who conlduded that the best 
e\’idence of healing occurred in the comparativelj'^ minute miliary lesions. 

In only one case (Case 5) was there histopathologic evidence of healing of 
miliarj' tubercles in the kidne}'^, but this was not complete. 

There is little doubt that healing of occasional miliary tubercles occurs at times 
in ^^scera such as the liver and spleen, and, indeed, there are many reports of 
healing in miliary tuberculosis (see discussion in Reference (1)). It is likely, how- 
ever, that the healing of a widespread dense seeding of miliary tubercles is rare, 
as is indicated by the infrequency of such reports as compared to the abundance 
of the disease itself. It is evident also that, whereas healing of a few scattered 
miliary tubercles may occur, it is unusual to see evidence of healing in the usual 
fatal case of the generalized miliary disease at autopsy. In a review of 20 such 
cases previously autopsied in this service, it was not possible to find evidence of 
healing such as is described in those cases treated with streptomycin in a single 
instance) or, as a matter of fact, in a single tubercle. 

In some cases (Cases 3, 4, and 6) there was excellent clinical evidence of the 
temporary regression of the tuberculous process in lymph nodes. In each of 
these the disease recurred, but there was no evidence aside from a few focal scars, 
which may be found in many lymph nodes draining a tuberculous process, of the 
massive healing process which presumably occurred. It is even difficult to say 
if the healing and calcification of the primary complex observed in Cases 1 and 
2 is unusual. Clinical observations suggest that this process occurred more 
rapidly than is customary without streptomycin, but exact evaluation is diffi- 
cult. The pathologic examination revealed nothing unusual in the process of 
healing of the primary complex. 

The brain and leptomeninges should be considered separately from the visceral 
lesions of tuberculosis. With intrathecal administration of streptomycin, it is 
possible to achieve far higher concentrations of the drug in the cerebrospinal 
fluid than in the blood, and it might be expected that organisms in the meninges 
could thus be subjected to far higher concentrations of the drug than those in 
visceral lesions. Unfortunately, the flow of cerebrospinal fluid is from the ven- 
tricles outward, and the choroid plexus, the ventricular system, as well as the 
depths of the cortical sulci may be expected to be subjected to much lower con- 
centrations of streptomycin than the remainder of the meninges. It has been 
shown (6, 1) that only low concentrations of streptomycin are attained in the 
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brain substance or cerebrospinal fluid follovdng intramuscular administration. 
Baggenstoss, Feldman, and Hinshaw (1) believe that this failure of streptomjTin 
to penetrate the substance of the brain in appreciable amounts may, at times, 
account for the presence of progressive lesions of the brain in absence of tuber- 
culous meningitis. The healing tubercles observed in the pons (Case 5), how- 
ever, seem contrary to this belief. 

In the present series there were six cases vith tuberculous meningitis. Of 
these, two cases (Cases 1 and 2) showed marked early clinical improvement, but 
the reduction of the cerebrospinal fluid sugar at the time of otherwise complete 
clinical remission, in spite of negative culture, strongly suggested that the tu- 
berculous meningitis had persisted throughout the prolonged course of seven and 
one-half to eight months. This was also borne out b}'" the marked degree of 
fibrosis of the meninges with internal hydrocephalus observed at autopsJ^ It 
was remarkable that after such a long course of treatment the last bacilli isolated 
were stiU sensitive to streptom 3 'cin. Case 3 was quite sinular to these two in 
early clinical response, and death from recurrent Ausceral miliar^’' tuberculosis 
afforded an opportunity to observe the meningitis after two months of treatment. 
The pia-arachnoid over the base of the brain showed slight fibrosis and Ijunpho- 
cytic inflammation. The presence of a few areas of actmty, consisting of small 
groups of epithelioid cells and rare giant cells, suggests that the meningitis might 
subsequently have relapsed. 

The peculiar fibrosis matting the nen'es of the cauda equina together in Case 
7 is indicative of some healing. Although no modification of the tuberculous 
meningitis was demonstrable in Case 6, the isolation of tubercle bacilli from the 
cerebrospinal fluid on the twenty-sixth day, with no further signs of meningitis 
until the fifty-eighth day, is remarkable and indicative of the long incubation 
period which may be required in some cases. 

As the clinical diagnosis of tuberculous meningitis in Case 4 was m doubt, 
and the meningitis found postmortem seemed acute, certaini}’- not four months 
old, and as the patient was not treated terminally vith intrathecal streptom 3 ’'cin, 
this case was not included as one of streptomycin-treated tuberculous meningitis. 

The presence of a chronic arteritis in I,hese cases of tuberculous meningitis 
was also of interest. This was most marked in the meninges of Case 2, where 
there was great fibrous thickening of the intima, producing considerable narrow- 
ing of the lumen; less marked changes Avere observed in the meninges of Cases 
1 and 6. These changes were similar to those described in pneumococcic men- 
ingitis treated with sulfonamides (7). Whether these changes were the result 
of healing of an acute tuberculous arteritis, or were produced by the surrounding 
chronic inflammation, is not knovm. 

Although an exact correlation between the clinical, pathological, and bacterio- 
logical findings is difficult, the studies on what is usually called the “strepto- 
mycin-resistance” of the tubercle bacilli are of interest. In Cases 1 and 2, Avherc 
the early clinical responses seemed good and where no drug-resistant bacilli ap- 
peared, there was eAidence at autopsy of marked healing vith little or no acute 
tuberculous activit 3 ’. In the three cases (Cases 3, 4, and 6) where favorable 
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earlj’^ clinical responses were evident (in Case 4 being almost as good as in Cases 
1 and 2), but where overwhelming relapses subsequently occurred, drug-resistant 
tubercle bacilli appeared. In the latter cases the autopsies showed considerable 
tuberculous acti\dty in addition to healing. Cases 5 and 7 cannot be considered 
from this standpoint because in one instance proper studies of the drug resistance 
of the bacilli could not be made; and in the other, death was inexplicably sudden. 

6tJM^LAnY 

The modifications of tuberculous lesions seen at autopsy in seven patients 
treated with streptomycin have been described. Each of the cases had gener- 
alized miliary tuberculosis and had shown from a slight to a marked clinical 
improvement during the treatment with the drug. In each there was pathologic 
evidence of healing of the miliary tubercles in the form of focal scars in the lungs 
and liver, and occasionallj’’ in other viscera. 

In two cases, both j'oung children, the generalized miliary disease did not re- 
cur clinically. In one there was no evidence of active disease in the lungs or 
l3Tnph nodes at death; in the other there was slight activitj\ Both died of 
chronic meningitis. 

Of the five cases with tuberculous meningitis treated by intrathecal strepto- 
mycin, three showed marked modification. A marked fibrous proliferation of the 
intima of large meningeal arteries was present in two of these in which an early 
favorable clinical response was followed by fibrous thickening of the leptomen- 
inges and death from hydrocephalus. In one case without meningitis, several 
healing tubercules were seen within the pons. 

In the three cases where the tubercle bacilli manifested resistance to strepto- 
mycin during therapy, the disease process was quite active at the time of death; 
whereas, in the two cases where no resistance appeared, there was little or no 
eiddence of activity. 


SUMARIO 

Modiftcadones de las Lesiones Tuberciilosas en los Enfernios 
Traiados con Eslreptomicina 

Describense las modificaciones de las lesiones tuberculosas observadas al hacer 
la autopsia en siete enfermos tratados con estreptomicina. Todos los casas eran 
de granulia y habfan revelado de leve a pronunciada mejorfa clinica durante el 
tratamiento con la droga. En todos habfa signos patoldgicos de cicatrizacidn 
de los tubdrculos miliares en forma de cicatrices focales en los pulmones e hfgado, 
y en ocasiones en otras lisceras. 

En dos cases, ambos en nifios pequefios, la afeccidn visceral no recurrid clfnica- 
mente. En uno no habfa signos de enfermedad activa en los pulmones o gan- 
glios linfaticos al tener lugar la muerte; en el otro la actividad era leve. Ambos 
murieron de meningitis crdnica. 

De los cinco casos de meningitis tuberculosa tratados con estreptomicina por 
vfa intratecal, tres mostraban modificacidn pronunciada, Existfa marcada 
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proliferacidn fibrosa de la Intima de las grandes arterias menlngeas en tres casos 
de meningitis tuberculosa, dos de ellos con la forma crdnica de la enfermedad, 
y el tercero, el finico caso sin modificacidn. En un caso sin meningitis, ob- 
servdronse varios tubdrculos en vlas de cicatrizaeidn en el puente de Varolio. 

En los tres casos en los que los bacilos tuberculoses manifestaron resistencia 
a la estreptomicina durante el tratamiento, el proceso patoldgico se hallaba 
bastante active en el momento de la muerte, en tanto que, en los dos casos en 
que no aparecid resistencia, los signos de actividad eran pocos o nulos. 
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ANATOMIC CHANGE IN TUBERCULOSIS FOLLOWING 
STREPTOMYCIN THERAPW-^ 

OSCAR AUERBACH and GRANT N. STEMMERMANN 
INTEODUCTION 

The use of streptomycin in the treatment of tuberculosis has now reached the 
point where the accumulation of surgical and necropsy material is sufficient to 
enable the pathologist to assay its effects upon the disease. The authors wish 
to present observations in seven autopsy cases. It should be emphasized that, 
although this is but a preliminary report, the changes to be described are so 
constant and so strildng as to merit their publication at this time. 

These necropsy cases include all patients who had died after receiving strep- 
tomycin at the Halloran Veterans Administration Hospital regardless of the 
length of their course or the interval between cessation of treatment and death. 
The sensitivity of recoverable organisms to streptomycin has been recorded 
wherever possible and it is believed that this must be considered in weighing the 
effect of the drug in individual cases. The clinical response to the treatment 
will not be mentioned in great detail since previous articles seem ample to cover 
this realm of observation. Rather it is intended to delineate the morphologic 
changes and speculate upon the effects these changes may have upon the course 
of the disease. 

It is difficult to assess the effects of streptomycin when so few cases are avail- 
able for study. The size of lesions and the extent of their distribution vary con- 
siderably, and each case must be compared with the average untreated case of 
similar type. The age and race of the patient, the duration of illness, and the 
manner in which he had been treated before streptomycin therapy are the best 
yardsticks with which to measure each case. The weight of a considerable past 
experience must be brought to bear in order properly to evaluate streptomycin 
therapy. The writers are well aware that any individual will vary considerably 
from the average, but believe that at least moderately accurate assumptions may 
be based on this approach. 


CASE REPORTS 

Case 1: S. M., a 52-year-old white man, was well until August 1945, at which time he de- 
veloped a bilateral pleurisy. Aspirated chest fluid and bronchial aspirations were nega- 
tive for acid-fast bacilli. After recovery he was followed at a chest clinic and remained 
well until October 1946, at which time he complained of low back pain and rapid loss of 
weight. He was admitted to another hospital where his sputum was now positive for 
tubercle bacilli, and roentgenograms of the chest revealed miliary type lesions throughout 
both lungs. Roentgenographic studies also revealed destructive changes in the third and 

* Published with permission of the Chief Medical Director, Department of Medicine and 
Surgery, Veterans Administration, who assumes no responsibility for the opinions expressed 
or conclusions drawn by the authors. 

' From the Laboratory Service, Halloran Veterans Administration Hospital, Staten 
Island 2, New York. 
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fourth lumbar vertebrae. Streptomj^cin therapy vras begun on May 23, 1947, and the 
patient was transferred to this hospital. The treatment was continued until July 14, 
1947. The patient was given 2.0 grams of the drug daily for a total of 104 grains. Treat- 
ment was stopped because of the development of a rh^dbrnic Parkinsonian t 3 ^e tremor in- 
vohdng his arms and legs. During this period temperature climbed to 102°P. A lumbar 
puncture at this time showed no abnormal findings and it was presumed that his tremor 
was due either to streptomycin sensitivity or to tuberculous destruction of the brain par- 
enchyma. His course continued downhill and he became comatose and died on August 5, 
1947, 

Pertinent necropsy findings: The pleurae were thickened and the pleural spaces were 
completely obliterated. Scattered throughout all lobes of the lungs were numerous ele- 
vated, firm, grey foci measuring less than one mm. in diameter. A collection of round, 
elevated, yellow foci was present 1.2 cm. from the ape.v of the upper lobe of the left lung. 
These were surrounded by thick gre}' capsules. Similar lesions were present in the upper 
lobe of the right lung, but these contained stony hard material witliin them. 

Present within the liver were numerous sharply defined yellow foci measuring less than 
one mm. in diameter. 

The prostate contained within it a large, poorly circumscribed, yellow focus. This 
lesion had a semiliquid consistency in its central aspects. 

Hemisection of the spinal column revealed a defect which e.v'tended from the antero- 
inferior portion of the third lumbar vertebral body to the antero-superior portion of the 
fourth lumbar vertebral body. The defect was filled with a gelatinous yellow' material. 
The posterior portions of the involved vertebral bodies were firm .and yellow. The an- 
terior longitudinal ligament was destroyed in this region. The vertebral bodies were 
surrounded by bilateral paravertebral abscesses which were continuous with large psoas 
abscesses. 

Five mm. coronal sections of the brain revealed the cerebral hemispheres, cerebellum, 
pons and meduUa oblongata to contain yellow foci vaiying from 7 mm, to 1.8 cm. in 
diameter. Many of these w'ere softened centrallj'. One of these in the cerebellum was 
directly continuous with the overljing meninges. On the meningeal surfaces of the brain 
in the region of the cerebello-pontine angle and in the postero-mferior aspects of the cere- 
bellum were numerous elevated, oval and round, yellow foci measuring from 1 to 5 mm. 
in diameter. Similar foci were also present in the menmges covering the spinal cord. 

Hislopatkology; Present throughout the lung parench 5 ’ma were numerous small, round 
foci composed of loose connective tissue containing a few' epithelioid cells. Similar foci 
W’cre also present in the submucosal portions of the pulmonary bronchi. Larger encap- 
sulated, caseous lesions were also present. 

Present in the kidnej's, spleen and liver were numerous oval and round foci. These 
were composed of loosely and concentrically arranged epithelioid cells, fibroblasts, col- 
lagen fibrils and an occasional Langhans giant cell. Those in the liver and spleen enclosed 
a pink caseous center. 

The anterior portions of the third and fourth lumbar vertebrae were completely de- 
stroyed .and replaced by pink-blue caseous material. Beyond this was a tj'pical tuber- 
culous granulation tissue irhich attended into the posterior portions of the vertebrae 
where it enclosed smaller caseous areas. 

The caseous focus in the prostate was surrounded by tuberculous granulation tissue. 
Intact glands persisted within this zone. 

The foci in the brain were composed centrally of caseous material surrounded by a 
vascular granulation tissue composed of dilated capillaries, glial cells, poli-morphonuclcar 
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Icucocj’les, and epithelioid cells. In the cerebellum the zone of caseation extended into 
the meninges. Scattered throughout the meninges were numerous small foci. These had 
a pink caseous center and were surrounded bj' Ijonphocytes, plasma cells, polymorphonu- 
clear leucocjdes and epithelioid cells. 

Case S: B. 0., a 19-year-old Negro man, had negative chest films on March 7, 1944, and 
April 2, 1945. On June 16, 1946, a routine chest roentgenogram revealed an infiltrate in 
the first and third right anterior interspaces. The patient was asymptomatic at this time, 
A tentative diagnosis of primarj' atypical pneumonia was discarded when, after two 
months, he developed a cough and fever, and sputum e.xamination revealed the presence 
of acid-fast bacilli. In October 1946 several cavities were noted in the right upper lung 
fields and the patient began to lose weight. Boentgenograms in Febnmry 1947 revealed 
a spread of the disease to the lower lobe on the right and to both upper and lower lobes 
on the left. On March 1, 1947, the patient was placed on streptomycin, 2.0 grams daily. 
His cough decreased in amount and some improvement was noted on roentgenographic 
examination of the chest. He continued to lose weight, however, and his temperature 
rose daily to 102°-103°F. The drug was stopped on July 3, 1947. During the treat- 
ment his sputmn always contained acid-f.ast bacilli and at the close of treatment these 
organisms were resistant to 125 micrograms of the drug per cc. of medium. The patient’s 
course continued downhill and he died on October 3, 1947. 

Pertinent necropsy findings: Present in the upper lobe of the left lung were numerous 
carities which varied from 5 mm. to 2.5 cm. in diameter. These had irregular outlines. 
The ca'idty walls varied from less than one to one mm. in thickness. Scattered through- 
out the remaining portions of the parenchyma w'ere numerous yellow foci varying from 2 
mm. to 1.5 cm. in diameter. The larger of these foci had a lobular configuration. The 
lower lobe of the left lung was similar in appearance to that just described. The upper 
lobe of the right lung was almost entirely occupied by a sj'stem of interlocking cavities, 
the walls of which varied from less than one mm. to 3 mm. in tliickness. What remained 
of the lobe was occupied by numerous yellow foci which had a lobular configuration. The 
middle and lower lobes of the right limg were similar in appearance to the left lung. The 
visceral and parietal pleurae over all portions of both lungs were thickened and the pleural 
space was obliterated. Contained uithin the right inferior tracheobronchial lymph node 
was a yellow stony hard focus which measured one mm. in diameter. The mucosa over the 
epiglottis was pink granular in appearance. 

Histopathology: The cavity in the upper lobe of the right lung was lined by a layer of 
caseous material. Beyond this was a pyogenic membrane, and a vascular granulation 
tissue composed of epithelioid cells, ^nt cells, fibroblasts, collagenous fibers, and dilated 
capillaries. The outer portions of the cavity wall were composed of interlacing bands of 
collagenous connective tissue within which were compressed and distorted alveoli. Mili- 
ary foci, acinous nodose foci and extensive areas of caseous lobular pneumonia were pres- 
ent in all portions of the remaining lung parenchyma. The miliary foci enclosed small 
central zones of caseation. The areas of caseous pneumonia showed little tendency to 
organization in their peripheral portions. An extensive perifocal reaction surrounded all 
these lesions. In addition to the encapsulated caseous foci already described in. the gross, 
there were numerous small oval and round miliary foci within the tracheobronchial lymph 
nodes. The central portions of these foci had a pink granular necrotic appearance. 

Present within the submucosa of the lar 3 Tix, kidney, liver, spleen, and bone marrow of 
the lumbar vertebrae, were numerous small, round, miliary foci similar to those already 
described in the lung and Ijmph nodes. 

Case S: J M., a 53-year-old white man, was well until the autumn of 1945, at which time 
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he developed a productive cough. lu the foUowing twelve months he lost sixty pounds in 
weight, in Februarj' 1947 he was admitted to another hospital where a diagnosis of 
tuberculosis was made on the basis of a positive sputum. Eoentgenographic e.xataination 
at this time revealed an infiltration throughout the right lung and within the upper half of 
the left lung field. Numerous small ca%nties were present throughout the right upper 
lobe. The patient’s temperature varied from normal to lOrF. He was started on 
streptomycin, 2.0 grams daily, May 14, 1947. His cough and sputum decreased and he 
began to gain weight. His temperature returned to normal. There was, however, little 
change in the roentgenographic appearance of his pulmonarj' lesion and his sputum per- 
sistently contained acid-fast bacilli. He was transferred to this ho^ital on June 24, 
1947. The streptomycin was discontinued after 120 days of treatment on August 19, 
1947. Except for a considerable dyspnea, the patient was as}Tnptomatic. He died in 
his sleep on November 7, 1947. 

Pertinml necropsy findings: The left upper lobe of the lung contained in its postero- 
lateral aspect a cavitj' which measured 3.5 by 4.5 cm. and which was lined by a dirty grey 
membrane. The cavit}’' wall measured 3 mm. in thickness and fused with the lateral 
pleura. Also present in this lobe were numerous encapsulated, yellow foci measuring from 
2 mm. to 1.5 cm. in diameter. Many of these contained ston 5 '' hard material in their 
capsular portions. Others were liquefied centrally. Traversing the lung parenchjma 
were broad bands of tough grej' tissue. The lower lobe of the left lung contained many 
cavities within its upper half. These varied from 1.5 to 4.5 cm. in diameter. The cavi- 
ties were similar in appearance to those just described in the upper lobe. The remaining 
portion of the lobe was occupied by lesions similar to those in the upper lobe. 

The right upper and middle lobes were greatly contracted. The former contained a 
large thick-walled ca^^ty within it. The remaining lung parenchjnna was firm, inelastic, 
and contained numerous encapsulated foci within it. The middle lobe of the right lung 
contained numerous encapsulated 3 ’ellow foci within it also, as did the lower lobe. Also 
present vdthin the latter lobes were two small thick-walled ca\dties. 

Present within the right inferior tracheobronchial Ijunph node were several stony hard, 
yellow foci wluch varied from 1 to 6 mm. in thickness. 

The heart weighed 500 grams, and scattered throughout the mjmcardium of the left 
ventricle were numerous gre 3 ’’ bands of tissue. These were also present in the interv'en- 
tricular septum where the 3 ' occupied a patch-like area measuring 4 cm. in diameter. The 
lumina of all the coronar 3 ' arteries were narrowed b 3 ' arteriosclerotic plaques and that of 
the left circumflex arter 3 ' was only slit-like and filled with a firml 3 ' attached thrombus. 

Histopailiology: Microscopic examination of the ca%dties in all lobes revealed them to be 
lined by a layer of caseous debris, beyond which was a t 3 'pical tuberculous granulation 
tissue. The outer portions of the caxdty wall were composed of vide interlacing bundles 
of connective tissue. The encapsulated foci dweribed grossly were not unlike those found 
in an 3 ’' untreated case of pulraonar 3 ’’ tuberculosis. In addition to the ston 3 ' hard focus 
alread 3 ’ described grossl 3 '-, the tracheobronchial l 3 mph nodes contained within them man 5 * 
contiguously arranged miliary foci composed of epithelioid cells, giant cells, fibroblasts, 
and collagenous fibers, the Last named predominating. 

Case 4: S. B., a 27-year-old white man, was last well in October 1943, when as a prisoner 
of war in Binma he developed a cough and hemopt 3 -sis. His disease was not diagnosed or 
treated until December 1946, at which time he liad returned to the United States. Chest 
roentgenograms at that time revealed a cardty in the left upper lobe and the patient’s 
sputum contained acid-fast bacilli. A two-stage thoracoplasty was instituted, but after 
this treatment his vital capacity fell to 9 per cent of normal and the patient developed 
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considerable wheezing, a hacking cough, and roentgenographic evidence of a spread to the 
contralateral lung. Streptomycin therapy, 2.0 grams daily, was begun on April 8, 1947. 
After treatment there was marked subjective improvement, his sputum decreased in 
amount, and he gained in weight. The drug treatment was continued for 120 days, but 
at the close of treatment his sputum continued to contain acid-fast bacilli. His vital 
capacity was found to be 26 per cent of normal and pulmonary function studies revealed 
his oxygen diffusion to be good, whereas his ventilation was at the lower limits of normal. 
In view of these findings it was decided to do a left pneumonectomy to eradicate what was 
thought to be a patent cavity in the left lung. This was done on January 8, 1948, after 
the patient had been prepared with daily 1.0 gram doses of streptomycin for thirty-one 
day. The operation was a difficult one and the patient died five days later in what was 
described as respiratory failure. 

Pertinent necropsy findings: The excised lung was shrunken, and the interlobar fissures 
were obliterated. The parenchyma consisted of a mass of tough, grey tissue within which 
no alveoli could be discerned. The bronchi throughout the long were lined by a grey 
granular mucosa. 

The upper lobe of the right lung contained within it occasional encapsulated, calcified 
yellow foci in its superolateral aspects. The intervening portions of the lobe were well 
aerated. The middle and lower lobes of the right lung were nonaerated and had a red 
granular appearance. 

Histopathohgy: Microscopic examination of the excised lung revealed only occasional 
alveoli within the mass of connective tissue which constituted the bulk of the lung. This 
tissue contained occasional small, encapsulated, caseous foci within it. Scattered through- 
out the submucosa of the bronchi were numerous small oval foci composed of epithelioid 
cells, giant cells, fibroblasts and collagenous fibers. The continuity of the mucosa of a 
lower lobe bronchus was interrupted so that an ulcer had been formed. This was lined 
by a mass of caseous material which protruded into the lumen of the bronchus. Beyond 
this was a tuberculous granulation tissue. The lower and middle lobes of the contralateral 
lung were involved in an extensive bronchopneumonia. 

Present in the left and right inferior tracheobronchial lymph nodes were numerous small 
oval and round, miliary foci composed of epithelioid cells, giant cells, fibroblasts, and col- 
lagenous fibers, with the last named predominating. Also present were small focal col- 
lections of hyaline connective tissue. 

Case 5: G. S., a twenty-one year old Negro man, first became ill in February 1946, at which 
time he was admitted to a naval hospital. Tuberculosis was suspected and established 
on the basis of sputum examinations and roentgenograms which revealed a cavity in the 
upper lobe of the right lung. A pneumothorax was attempted and abandoned. Phrenic 
crush did not decrease the size of the cavity. The patient developed a locally tender 
right lower quadrant in August 1946, and in November 1946 diarrhea appeared. The 
patient lost twelve pounds in weight from January 1, 1947, to May 1947. For these 
reasons streptomycin therapy was instituted on Flay 27, 1947. He was given 1.5 grams 
per day for 120 days. Tlie patient was transferred to this hospital on June 24, 1947. 
His temperature, which had been consistently febrile, returned to normal and during 
July and August 1947 his sputum was negative for acid-fast bacilli. Streptomycin treat- 
ment was concluded on August 24, 1948. His sputum thereafter always contained acid- 
fast bacilli. Because of this and in view of the large right-sided camty it was decided to 
perform a right pneumonectomj'. The patient was again placed on streptom 5 'cin on 
January 2, 1948 in a dosage of 1.0 gram per day. At this time liis infecting organisms 
were sensitive to 5.0 micrograms of streptomycin per cc. of medium. The operation was 
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performed on February 12, 1948. During the operation, the patient’s heart ceased to 
beat and artificial stimulation could not restore its normal rhythm. 

Pertinait necropsy findings; Gross e.\-amination of the right lung revealed a large caAuty 
2 cm. from the ape.\' of the upper lobe of the lung. This occupied much of the upper third 
of the lobe. The caAuty wall measured 3 mm. in thickness and fused with the lateral 
pleura. The lower and middle lobes of the right lung and the remaining portions of the 
upper lobe contained within them numerous ele%^ated yellow foci which varied from 2 mm. 
to 1 cm. in diameter. These foci had the scalloped peripherj- which is the hallmark of 
acinous nodose lesions. Also present within the lower lobe of the lung were numerous 
encapsulated j^ellow foci varjdng from 2 mm. to 1 cm. in diameter. Encapsulated caseous 
foci and acinous nodose foci were also present in the left lung, and in the lower lobe they 
contained white stonj’- hard material within them. 

Histopathology: The large cavity in the right lung was lined by a layer of caseous debris. 
Its inner aspects were formed of a highly cellular tuberculous granulation tissue. The 
outer portions of the cavit}' wall were composed of interlacing bundles of collagenous con- 
nective tissue. Study of the acinous nodose lesions revealed an extremely interesting 
phenomenon. The central portions of the lesions had the pink granular appearance of 
caseation. The outer portions of the lesions were composed of epithelioid cells, giant cells, 
fibroblasts, and collagenous fibers. The periphery of the foci was sharply demarcated 
from the adjacent lung parench 3 'ma. The alveoli in this zone were empty of any of the 
perifocal inflammation which is usually seen in tliis type of lesion in untreated cases. 

Microscopic examination of the bronchus draining the large caxdtj’’ in the upper lobe of 
the right lung revealed numerous small oval and round foci many of wliich had a caseous 
center. Their outer aspects were composed of epithelioid cells, giant cells, fibroblasts, 
and collagenous fibers. Similar foci were also present in the hilar Ijunpli nodes on the 
right side, but in this situation they contained no central zone of caseation. 

Case 6: A. B., a 4S-3'ear-old Negro man, was well until June 1947, at which time a routine 
chest film revealed dense infiltration in both mid lung fields. Nodular densities were 
present in the lower third of the left lung, and there were peripheral infiltrations in the 
right upper lung field. His sputum was positive for acid-fast bacilli. He entered another 
hospital at that time and was treated conservatively. On Ju] 3 ’'lS, 1947,hewas transferred 
to our hospital. On admission he ran a febrile course, with afternoon rises up to 101°F. 
Streptomycin therapy was begun September 17, 1947, at a dosage of 1 .0 gram daily. Tliis 
was continued until January 17, 1948. During the period of treatment his weight in- 
creased and during December and the first three weeks of Januar 3 ’’ his temperature was 
normal. His sputum, however, was consistcntl 3 ’’ positive for acid-fast bacilli. 

In the last week of January the patient's temperature again became febrile and the 
patient became d 3 'spneic. As the patient’s infecting organisms were still sensitive to 2.5 
micrograms of streptom 3 'cin per cc., it was decided to reinstitute this therapy. Tlu's was 
done on Februaiy 4, 1948, but did not prevent the continued downhill course. The patient 
died on February 6, 1948. 

Pertinent necropsy findings: The upper lobe of the left lung contained a cavit 3 ' within 
its inferolateral aspects which measured 2.7 cm. in diameter. The cavity wall measured 
1 mm. in thickness and was lined bs' a smooth gre 3 ’- membrane. The caAuty' communicated 
with an upper lobe bronchus and with a large caA'it 3 ' in the lower lobe of the lung. Scat- 
tered tluoughout the remaining parcnch 3 Tna of the lung were numerous 3 'ellow foci var^’- 
ing from 3 mm. to 1 cm. in diameter. The larger of these were contiguousl}' arranged, 
had a lobular configuration, and were surrounded by tliick gre 3 ’ capsules. The smaller 
foci had a scalloped peripher 3 '. Tlie upper third of the lower lobe of the left lung was oc- 
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cupied by a B3^tem of intcrlodcing cavities. The cavity wall was lined by a dirty grey 
membrane and measured 3 mm. in thickness. Scattered tlROUghout the remaining por- 
tions of the lobe were numerous acinous nodose foci and areas of encapsulated, caseous 
lobular pneumonia. One of the latter lesions occupied the whole of the inferomedial 
segment of the lobe. The upper, middle and lower lobes of the right lung contained wthin 
them numerous acinous nodose foci and areas of encapsulated caseous lobular pneumonia. 
In addition, the lower lobe also contained a cavity within it similar to those in the contra- 
lateral lung. The right and left superior tracheobronchial lymph nodes contained nu- 
merous small encapsulated chalky white foci within them. Similar lesions were also present 
in the mesenteric nodes. 

Histopathology: Microscopic e.xnmination of the cavities described grossly revealed 
them to be lined by considerable caseous debris. Beyond this was a narrow vascular 
granulation tissue in which cellular elements were scarce. Epithelioid cells were few. 
The areas of caseous lobular pneumonia had an extremely pleomorphic appearance. In 
some portions the alveolar spaces were filled wdth polymorphonuclear leucocytes, alveolar 
phagocjdes, giant cells, fibrin, and pyknotic nuclei. In other areas the whole lung paren- 
chyma had a pink granular appearance and the central aspects of some of these zones were 
liquefied. In still other regions the alveolar exudate contained many fibroblasts and 
collagenous fibers within it. As in the previous case, the acinous nodose lesions were 
quite free of perifocal inflammation. The encapsulated lesions in the tracheobronchial 
lymph nodes were foimd to have numerous purple granular calcium deposits within them. 
Similar foci were also present in the mesenteric nodes, but, in addition, there were found 
numerous round miliaiy foci. A few of these had small caseous centers. Their outer 
portions were composed of epithelioid cells, fibroblasts, and collagenous fibers. A single 
fresh miliary focus was found within the spleen. This had a large caseous center and a 
narrow outer rim of epithelioid cells and polymorphonuclear leucocytes. 

Case 7; G. M,, a 33-year-old white man, was last w^ell in October 1945, at which time he 
complained of weakness, general malaise and a productive cough. Roentgenographic 
examination at this time revealed an infiltrate in the upper lobe of his right lung. Acid- 
fast bacilli were present in the sputum. He was admitted to another hospital where a 
right pneumothorax was attempted in November 1945. This was abandoned because of 
the development of fluid in January 1946. The patient's temperature fluctuated from 
99°F. to 100°F., he developed anorexia, and began to lose weight rapidly. Cultures of 
the pleural fluid revealed the presence of tubercle bacilli. For all these reasons strep- 
tomycin therapy in a dosage of 1.8 grams per day was instituted on August 9, 1946, and 
continued for 210 days. At the end of treatment the infecting organisms were resistant to 
500 micrograms of the drug per cc. During and after treatment, the patient’s sputum 
varied from GaSky III to VI on plain smear and his temperature continued elevated. 
Subsequent roentgenographic studies recorded the appearance of cavities in all lobes of 
the lungs. The patient was transferred to our hospital in June 1947 and treated conser- 
vatively. His gradual downward progression continued until death intervened on March 
9, 1948. 

Pertinent necropsy findings: Large, thick-walled cavities, acinous nodose foci, and en- 
capsulated caseous foci were present in all lobes of the lungs. The pleurae over the right 
lung were greatly thickened and the pleural space was obliterated in all but the anterior 
aspects where it was filled with yellow cheesy material. The pleural space in this region 
communicated freely with a cavity in the middle lobe of the lung. A deep-seated ulcer 
was present on the left vocal cord. This measured 2 cm. in diameter, had sharply de- 
marcated edges, and a grey granular base. Present throughout the ileum and the large 
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intestine were numerous shallow ulcerations of the mucosa. These had a bright red Kase 
and irregular yellow-grej^ edges. 

Hisiopathology: Jfone of the lesions in the lungs or larjuix was different from those in 
comparable untreated cases. The intestinal lesions were e.xtremely fresh and extended 
for onl}' a short distance into the lamina propria of the gut. Present throughout the 
tracheobronchial Ijunph nodes were numerous small, oval and round miliarj'- foci, some of 
which had a small caseous center. 


DISCUSSION 

Perifocal reaciion: The most readity obser\’'ed change which streptomycin 
effects is to reduce peiifocal reaction in the lung to a minimum. The lung 
parenchjuna surrounding recent tuberculous lesions in the untreated case is 
usually packed wdth alveolar phagocytes, serum, and red blood cells. The extent 
of the alveolar fiUing process varies greatly, but generally it parallels in extent 
the tuberculous process which it surrounds. With healing, the outer portions 
of tins perifocal reaction are expectorated or absorbed. That portion of the 
perifocal reaction which is not cleared from the aWeoli becomes organized into 
loose connective tissue with a destruction of the alveolar septa. In encapsulated 
caseous foci this forms the outer loose connective tissue capsule, the nonspecific 
capsule. These areas of connective tissue extend into the surrounding lung 
parenchyma and account for much of the pulmonary fibrosis in chronic pulmo- 
nary tuberculosis. Contraction of this connective tissue stretches and tears the 
surrounding alveolar septa, resulting in a perifocal emphysema. Both the 
fibrosis and emphynseraa decrease the amount of functiom'ng lung parenchjTna. 

In streptomycin treated cases focal lesions are brought into sharp relief by the 
relatively empty alveolar spaces surrounding them (figure 2 ). Such cells as re- 
main are few in number. This paucity of peiifocal reaction about fresh or heal- 
ing foci is best seen about small lesions of the miliary or acinous nodose tj^ie, but 
may also be demonstrated in regions of caseous lobular pneumonia. It is obvious 
that this effect can best be seen during or immediately after streptomycin 
therapy, especially in recently dev^eloped foci in an individual infected with a 
sensitive organism, as in Cases 5 and 6 of the present series. Most of the clearing 
of the shadows obsen^ed on serial roentgenograms following the institution of 
streptomycin therapy is a result of this dissolution of the perifocal reaction. It 
does, however, leavre its mark on healed lesions. The nonspecific capsule usually 
seen about these lesions is either absent or of small e.xtent. It is believed that 
this is an important beneficial effect of the drug. 

Effect on hibcrculoits foci: The effect of streptomycin on tuberculous foci is 
difficult to evaluate. Accurate appraisal is possible onlj” in the early cases. In 
the more advanced cases, healing has already progressed to some degree before 
the institution of the drug. The problem of determining how much of the heal- 
ing is a result of streptomycin is therefore difficult. 

The evaluation of the effect of 6treptom3'cin on the tuberculous foci can only 
be made by knowing the approjdraate age of the foci (from roentgcnographic 
studies) and by determining v\hether the healing changes are greater than those 
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Fig. la. (Upper) Casel. 
Fig. lb. (Lower) Case 1. 
and a cellular periphery. 


Miliary tubercle in the lung showing far advanced healing. 
Miliary tubercle in the spleen contains a caseous center 
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of similar age in untreated cases. These changes nnist be striking and o\it of })ro- 
portion to the age of the focus, because healing changes (productive reaction) 
occur in the natural course of the disease. 

Tuhcmdous caviUes: General experience thus far has sho\™ that tuberculous 
cavities do not close vdth anj’- greater frequency as a result of sti-cptomycin 
ti'eatment than in untreated cases. 

The healing changes in the wall of the ca^dty, as evidenced by the collagen 
connective tissue, was greater thair would be expected in Case 5, and in Case 0 
was far out of proportion to what would be expected in such cases. 



Fig. 2. C.nseS. 


Tuberculous pneumonia: It is well known that young adult Negroes may 
develop a rapidly advancing caseous lobular pneumonia, so-called "galloping 
consumption." The c.xlcnt and character of the lesions in Gase (i and the 
duration of the disease fulfill these characteristics, yet there were wide areas of 
organization of the tuberculous lobular pneumonia. It is iieiicvcd tliat this was 
much out of proportion to the type and duration of the disease where only a 
minimal productive reaction might have been anticipated. 

Acinous nodose feci: .\fter miliary foci, the.?e areas show the greatest healing 
tendency under the influence of .streptomycin. This is seen in two ways: (!) 
there is a greater healing change in the foci; (2) ca.<cous centers are not as fre- 
quently seen. 

The writers believe that streptomycin does not prevent di.s.semination of the 
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disease either through the bronchial or through the lympho-hematogenous 
routes. The presence of areas of fresh tuberculous lobular pneumonia with 
caseation in Case 6 after thirty-one days treatment, w'hen large portions of 
Rimilnr lesions show rapid heahng changes, speaks for this premise. The presence 
of fresh acinous nodose foci in Case 5 after twenty-three days’ treatment also 
supports this statement. The fact that miliary tjrpe foci were found in the hilar 
lymph nodes in Cases 4, 5, and 6, and the fact that a very fresh miliary focus was 
found in the spleen in Case 6 shows that lympho-hematogenous seedings also 
occur in spite of treatment. It is believed, however, that, although dissemina- 
tions occur, streptomycin certainly stimulates their rapid healing. 

Miliary tuberculosis: Much emphasis has been laid on the healing of acute 
miliary tuberculosis after streptomycin treatment (1, 2, 3). In a pre\dous study 
one of the wTiters (4) has shown that healing may occur in acute generalized 
miliary tuberculosis. Often, however, as the dissemination is secondary to an 
active extrapulmonary tuberculous process, a new seeding occurs while the first 
one is undergoing anatomic healing. Thus, it is not unusual to find healed, 
healing, and active foci, often side by side in the same field. 

There are a number of cases in which the writers have observed healing of acute 
miliary tuberculosis in untreated cases, especially those which occur following 
the primary complex. In no instance of acute miliary tuberculosis, however, has 
healing of the miliary foci in the lungs been observed while those in the other 
organs showed no such changes. 

In streptomycin treated cases, quite the contrary is true. The writers’ obser- 
vations, as well as the reports in literature, emphasize the presence of healing 
and healed foci in the lungs while in other organs some foci may form epithelioid 
giant cell tubercles, and still others may have caseous centers. 

It is believed that this difference between the healing tendency of miliary 
tubercles in the lungs in comparison to those in solid viscera is consistent with 
the therapeutic action of streptomycin throughout the body, i.e., its action on 
the superficial surface. The perifocal reaction (which through its conversion 
into connective tissue adds to the thickness of the focus) is quickly cleared. 
The productive reaction soon dominates the process and the tubercle is replaced 
by connective tissue. 

As in solid organs the streptomycin does not exert its influence in the same 
manner as in the lungs, the healing changes within them will lag behind those 
in the lung. This may explain why lesions of the same apparent age show 
different stages of healing in different organs. 

Tuberculous meningitis: The contrast of the action of streptomycin on the 
tuberculous process in solid organs and on superficial surfaces is well demon- 
strated in tuberculous meningitis. 

A phenomenal clinical response in tuberculous meninptis has been observed. 
These cases, in the main, fall into three categories. There is one group in which 
there is a complete cure after treatment. In the second group a new tuber- 
culous meningitis develops after a temporary cure. Reinstitution of treatment 
may clear the process if the tubercle bacilli are still sensitive to streptomycin. 
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This may go on for many months, and the patient finally dies of tuberculous 
meningitis. In the third group death inten^enes shortly after treatment is 
instituted. 

There are two important factors which must be considered in evaluating these 
results: 1. It is fairlj’- generally accepted that tuberculous meningitis is the 
result of a rupture of a tuberculous focus into the meninges. Thesefoci are either 
the result of seeding from the primary comple-v or from an acute miliaiy tuber- 
culosis. 2. Boxer (5) has shown that streptomycin does not penetrate brain 
tissue e.xcept in very minute quantities and may be recovered from the cerebro- 
spinal fluid in slightly larger amounts. 

In the first group, a complete cure may be e.xplained in the following manner. 
After one focus had poured its contents on to the free surface of the brain, the 
bacteriostatic action of streptomycin stimulated a healing of the focus and the 
resorption of the meningeal exudate. A permanent cure is then possible, if no 
new tuberculomata form in the brain, or if those tuberculomata alread 3 'present do 
not rupture into the meninges. The great difficulty in treating such cases is 
that the source of the hematogenous dissemination, e.g., skeletal or urogenital 
tuberculosis, is in a solid organ and therefore not easil}’’ affected b}' streptomycin. 
Thus, new disseminations vfill take place and with repeated seedings the oppor- 
tunity for tuberculomata to develop in the brain is enlianced. 

In the second group, there are multiple foci in the brain with multiple ruptures 
into the meninges. Thus, after resolution of the e.xudate following the first 
attack of meningitis, the process is repeated after a second rupture. The 
s patient continues to live tiuough these episodes while the organism is still 
sensitive to the drug. 

In the tliird group, the lack of success may be the result of an infection 
caused by a resistant organism or the result of a pouring out into the meninges 
of an oveiwhelming exudate bj’- one or many foci. 

Gasiro-inicstinal luberculosis: Gastro-intestinal lesions were seen in onl}' one 
case in the present series (7). In a series of 885 cases wliich are now under 
studj’-, the overall incidence of gastro-intestinal tuberculosis in cases of chronic 
pulmonarj^ tuberculosis is 72 per cent. Among patients who died between the 
sixth and twenty-fourth months of their disease, this incidence rises to 88 per 
cent. Manj’- other authors have reported a similar liigh incidence. It is es- 
pecially striking, then, that the onlj' case in the present series with these lesions 
was one in wliich a j^ear had elapsed between cessation of treatment and death 
and in wliich the infecting organisms were verj' resistant to streptomj’cin. 

Laryngo-hmicMal hihcrciilom: In a recent stud}-- larj-ngeal tuberculosis was 
found to be present in 37.5 per cent of 811 cases, 65 per cent of these cases 
occurring in patients whose chronic pulraonar 3 ’’ tuberculosis was Jess than two 
years in duration (6). Larjmgeal lesions ivcre only found in Cases 2 and 7 in 
the present series. The lesion in the former was a miliary tubercle wliich 
probabl}’^ occurred between treatment and death. The tuberculous ulcer in 
Case 7 is not unexpected as a full j'ear inten-ened between treatment and death. 

There is an apparent discrepancy in the presence of an ulcerative tuberculous 
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lesion in the bronchus in Case 4. Although this lesion was present during 
treatment, it probably owed its presence to the distorted physiology of the lung 
in which it occurred. Shrunken, avascular and fibrosed as it was, no drainage of 
infected secretions could obtain, so that the bronchi were similar to thick-walled 
cavities. 


CONCnUSIONS 

Streptomycin is an aid in the healing of tuberculosis. It has a much greater 
effect on tuberculous foci in the superficial surfaces than on the foci in solid 
organs. The perifocal reaction surrounding tuberculous foci is rapidly and 
extensively resolved, thus diminishing the amount of fibrosis which would ordi- 
narily occur in this zone. 

Tuberculous foci in the lung shoAv a greater tendency to heal than in untreated 
cases. The contrast of the action of the drug on solid organs and superficial 
surfaces is best seen in acute generalized miliary tuberculosis where the healing 
changes in solid organs lag behind those in the lungs. 

The greatly decreased incidence of laryngeal and intestinal tuberculosis is also 
attributed to greater healing on superficial surfaces. 

The prolongation of the course of tuberculous meningitis, and in some instances 
its complete cure, is probably further evidence of its action on superficial surfaces. 

Streptomycin does not appear to prevent dissemination of the disease either 
through the bronchial or lympho-hematogenous routes, but, after such dis- 
seminations occur, the drug stimulates their more rapid healing. 

SUMARIO 

Alteraciones Analomicas en la Tuberculosis Conseculivamente 
a la Estreptomicinoterapia 

La estreptomicina es un auxiliar en la curacibn de la tuberculosis. Su efecto 
es mucho mayor sobre los focos tuberculoses superficiales que sobre los que 
radican en brganos macizos. La reaccidn perifocal se resuelve rdpida y extensa- 
mente, mermando as! la proporcidn de fibrosis que ocurrirfa de otro modo en 
dicha zona. 

Los focos tuberculoses del pulmbn revelan mayor tendencia a la cicatrizacidn 
en los casos tratados que en los no tratados. La diversa accidn de la droga en 
los drganos macizos y en la superficie se aprecia mejor en la granulia aguda en 
la cicatrizacibn en los primeros se retarda mds que en los pulmones. 

La gran disminucibn en la incidencia de la tuberculosis laringea e intestinal 
tambfen se imputa a la aumentada cicatrizacidn superficial. 

La prolongacibn de la evolucibn, y en algunos casos, completa curacidn, de la 
meningitis tuberculosa aporta nueva prueba probable de la accidn de la droga 
on las superficies. 

La estreptomicina no impide al parecer la diseminacidn de la enfermedad por 
via bronquial o linfohematdgena, pero ya sobrevenida la diseminacidn, la droga 
cstiimila una cicatrizacidn mds rdpida. 
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CLINICAL STUDIES ON ALLERGY TO TUBERCULIN FOLLOWING 
PRIMARY TUBERCULOUS INFECTION 

The Cllalcal Value of Recognizing the State of Sccondorj- Negative Allergy 
RICHARD T. ELLISON 
INTItODTICTlON 

Not SO many years ago it was the generally accepted belief that once allergy 
to tuberculin developed following a primary tuberculous infection such allergy 
remained demonstrable through the rest of the life of the individual. Recently 
that teaching has undergone a complete reversal and it is now well Icnown that 
demonstrable allergj' to tuberculin can be lost (1 to 7). 

There is no doubt that tire tuberculization of the population of the United 
States as a whole, and especially those living in cities, has decreased greatly in 
the past decade, the decrease being a change not only in quantity but in quality. 
The fewer persons with advanced open tuberculosis has resulted in fewer massive 
primary infections in the general population and less opportunity for the rean- 
imating supcrinfections that maintain hypersensitiveness and terminate eventu- 
ally in phthisis (8, 9). Most of the primary infections at the present time are so 
minimal that they can only be recognized when a positive tuberculin reaction 
develops. 

With the complete healing of these minimal infections, the allergy to tuberculin 
produced by them is lost and the individual becomes a negative reactor again. 
If this development of allergy to tuberculin was the only result of such minimal 
tuberculous infections, its loss would leave the body in its virginal primitive state 
and there would be no necessity to divide negative reactors into two groups. 
But allergy to tuberculin is not the only change in the body that results from 
these short-lived infections and the other changes must also be taken into con- 
sideration. 

With the primary infection a varjing degree of resistance to all subsequent 
tuberculous infection is acquired and the primary complex leaves anatomical 
changes that can in many cases be demonstrated by physical examination and 
by roentgenography. Such an individual differs then, even though he possesses 
no demonstrable allergy to tuberculin, from one who has not passed through a 
primary tuberculous infection. This necessitates dmding all individuals W'ho 
have a negative allergy to tuberculin into two categories, those who are in a state 
of primary negative allergy and those in a state of secondary negative allergy. It 
is with the development, detection, and possible significance of the state of 
secondary negative allergy that the present paper deals. 

The concept that there are different t3T5es of negative reactors to tuberculin 
is not new and what is here termed the state of secondary negative allergy has 
been described before under a variety of terms. Some that have been used are 
“positive anergy,” “tuberculin desensitization,” “infratuberculinic allergy,” 
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“latent allergy,” and “extinction of alIe^g5^” Paretzky (10) divided all negative 
reactors to tuberculin into five separate groups. 

HYPOTHESIS 

It would be well at the very beginning to outline briefly the it}orki7ig hypothesis 
relating to the development of the state of secondary negative allergy on which 
this presentation is based. 

TiTien -vurulent tubercle bacilli enter the body in sufficient numbers to over- 
come the first line of defense of the host, they cause a primary complex to develop. 
The involvement of the hilar and mediastinal lymph nodes as part of this primarj' 
complex leads to a fixation of the hilum -which presumably results in certain 
anatomical and physiological changes in the upper part of the lung, especially 
on the right side, and possibly in the muscles and soft tissues about the shoulder 
girdle (IS). At the same time that these anatomical and physiological changes are 
taking place, certain other mechanisms are being developed the most easily 
demonstrable of which is allergy to tuberculin. In the body tuberculin allergj' 
brings about certain changes in the reaction of tissues to subsequent contact witli 
tubercle bacilli. Certain but not all of these changes are well recognized but 
as to whether they are ari asset or a liability to the organism as a whole is still a matter 
of debate. The principal changes that allergy brings about are a greater degree 
of inflammatoiy reaction and an earlier formation of tubercle folio-wing further 
contact with tubercle bacilli. The other mechanisms, chiefly of a defensive 
nature, called into play by primary infection with tubercle bacilli are grouped 
under the term acquired resistance. These consist of a limitation of the spread 
of tubercle bacilli from the point of subsequent inoculation, a greater ability to 
destroy tubercle bacilli in situ and a limitation of the proliferation of bacilli. 
At present there is no qualitative or quantitative clinical test for these mechanisms 
although their existence is easily demonstrated in animal experiments (1,11, 12). 

If the defense mechanisms are adequate, the primary complex begins to heal 
and this healing is usually most complete in the primer^’- focus. The lymph node 
component of the primarj'- complex heals more slowly and less completely. It 
is in the incompletelj'^ healed tracheobronchial and mediastinal nodes that infec- 
tion maj' lie dormant for 3'e3rs, maintaining a state of positive allergy in the body 
and seiaung as a resenmir from which a devastating spread of tubercle bacilli may 
occur at anj’ time. 

Until recent j’ears it was thought that this incomplete healing was the onl}’ 
possible outcome of a primarj’ tuberculous infection other than the subsequent 
development of phthisis somewhere in the body. Recently it is being more 
widely recognized that the primarj’ complex of tuberculosis may heal so com- 
pletely that the contained bacilli at first become nonviable and eventually die 
.and are destroyed. Wliile this complete healing in a bacteriological sense un- 
doubtedly occurs more frequently in minimal primarj- infections, it is also 
becoming apparent that in many cases the primarj' complex may be sufficiently 
ex-tensive for calcium to be deposited in the sear and yet eventually become 
sterile. 
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With the disappearance from the completely healed primary complex of the 
specific tuberculoprotein, the stimuli for the continuation of the mechanisms 
caused by it are lost. Both allergy and acquired resistance begin to diminish 
in intensity and eventually the former falls below the level of clinical detection. 
It should be recognized that these two mechanisms are independent of each 
other and this is especially true of the rate at which they subside after the stimu- 
lus to their production is removed. It is impossible to determine exactly how 
long allergy remains demonstrable after all tubercle bacilli are destroyed, but 
probably not for longer than a few months (9). The forces of acquired resistance, 
however, seemingly persist for a matter of years (9) although in a few individuals 
they also may entirely disappear. 

It is also a most important concept of this hypothesis that, if allergy to tuber- 
culin eventually fades out, either all tubercle bacilli in the body have died and 
their bodies have been destroyed or they have been so completely isolated from 
the rest of the body that they will eventually die and in the meantime are no 
longer a source of further infection. As a corohaiy to this, the reappearance of 
allergy to tuberculin once it has been lost can only be a result of exogenous 
reinfection. 

From this brief outhne of the course of events in the body following infection 
with tubercle bacilli, it is obvious that the state of secondary negative allergy 
has some significance and its detection therefore is important. How then can 
the negative reactors to tuberculin be separated into a primary negative group 
and a secondaiy negative group? 

THE STATE OF SECONDARY NEGATIVE ALLERGY 

At present there are conceivably three ways of determining the previous 
existence of a primary tuberculous infection and thereby establishing the exist- 
ence of the state of secondary negative allergy. These differ in the positiveness 
of their proof and also in the readiness with which they will, at present, be gen- 
erally accepted. The first will prove a previous tuberculous infection no matter 
where the primary complex is located. The second and third will detect only a 
primary pulmonaiy involvement. These three ways are : {1 ) record of a previous 
positive reaction to tuberculin; (S) roentgenographic evidence of a previous 
primary complex in the lungs; and (S) evidence, on physical examination, of 
hypoventilation of the pulmonary apices with retraction and atrophy about the 
shoulder girdle (18). 

Frequency of secondary negative allergy: Before starting a detailed discussion of 
the clinical value of recognizing the state of secondary negative allergy, it is 
necessary to consider the frequency of its occurrence. Do those so classified 
constitute a large enough part of the population to be of significance and, if so, 
is it the same size in all segments? In certain groups, comprising children from 
contact families and young women from the general population, studied by the 
writer by the above mentioned methods, there is a wide spread in the frequency 
of occurrence of this state (table 1). From the data in this table it would seem 
that the state of secondary negative allergy comprises a proportion of all negative 
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reactors that varies vridel}’- with age and amount of contact, but that, in certain 
groups, may closely approach 100 per cent. This is a surprising and signiBcant 
finding and its recognition is of paramount importance in any study of the epi- 
demiology of tuberculosis. 

Permtence of secondary negative allergy: Another question that might be asked 
regarding the state of secondar}’- negative allergj'- concerns its permanence. 
During the present studies most of the individuals observed had repeated tuber- 
culin tests. It was found that there were a certain number in whom the reaction 
fl.uctuated between positive and negative and that the more frequently these 
tests were done the more often was this situation encountered. Thus it appaais 
that the state of secondary negative allerg}’-, like the state of positive allerg}', is 
not necessarily permanent, but that in the same individual allerg}' may fluctuate 
several times. The fact that allerg}'- can fluctuate in most cases has not been 
appreciated by many investigators because in their studies when an indmdual 
previously negative has developed a positive reaction to tuberculin, such persons 
ha%'e not been retested. 


TABLE 1 


Distribution by age groups of persons reacting negatieely to tuberculin expressed as percentages 

of the group totals. 


! 

coKTAcr rA>aLi£s (minx axd sxoso) 

_ _ . _ i 

CnOS ESTTUKC 

scnooi or xpssikc 

Age 

(M 

5-10 

11-14 

15-lS 

19 (average) 

Primary negative 


S4.5 

20 

4 

53 

Secondary negative 


75.5 

SO 

9G 
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It has previously been emphasized that allerg}' to tuberculin is not the only 
mechanism that is brought into operation follomng a primary infection. Ac- 
quired resistance is also stimulated and is added to whatever degree of native 
resistance the individual may possess. The two mechanisms, allerg}' and 
acquired resistance, are not intimately bound together but can fluctuate inde- 
pendently of each other. Part of the general working h}’pothesis is the concept 
that in minimal infections tubercle bacilli may bo completely destroyed, thereby 
removing the stimulus for the continuation of these mechanisms. Of tire two, 
allerg}' presumably diminishes more rapidly and probably disappears within a 
matter of months. At the same time acquired resistance is becoming Jess but 
the rate of decline is slower and some degree of protection may exist for years 
(1). In the normal course of events tliis waning resistance is augmented from 
time to time by minimal reinfections, but in a few instances reinfection may not 
occur until acquired resistance has entirely disappeared. If this reasoning is 
correct, it is obvious that the clinical demonstration of allerg}' presupposes in 
most instances a certain degree of acquired resistance. How then can this 
theor}' be integrated with the fact that endogenous reactivation and spread occure 
in persons with positive allerg}'. If allerg}' and acquired resistance can fluctuate 
independently, it is reasonable to assume that there arc times when allerg}' re- 
mains up and' resistance is depre.«sed. This can occur when general bodily resist- 
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ance and specific acquired resistance to tubercle bacilli are depressed by such 
things as overwork, and by other infections, but especially by an inadequate 
amount of protein in the diet (5, 6, 7, 8). Rich (9) saj^s: “Particularly does it 
seem probable that protein deficiency may have an adverse effect upon acquired 
resistance in infections in general for anti-body is protein and since a dietary 
deficiency in protein leads to a marked inability to manufacture plasma protein, 
it is reasonable to suppose that the formation of the anti-body protein of the 
plasma will likewise be affected.” In such a situation endogenous reactivation 
or lympho-hematogenous spread may occur while allergy is still demonstrable. 
On the other hand, the fact that a state which should be associated with good re- 
sistance is not incompatible with advanced disease is evidenced by the excellent 
nutrition and general well being of many persons with extensive fibroid phthisis. 

Significance to the individual of secondary negative allergy: The most important 
question in regard to the state of secondary negative allergy is whether it is an 
asset or a liability to the individual. 

There is no doubt that the best insurance against developing phthisis is for 
the person to remain in a state of primary negative allergy as the result of a high 
level of native resistance. If, however, a primary infection does develop, is it 
more advantageous to retain a positive allergy or to relapse into a state of second- 
ary negative allergy? Persons with a positive allergy to tuberculin harbor a focus 
of tuberculous infection and therefore constitute the only group subject to the 
danger of developing phthisis from endogenous reactivation or spread. This 
focus is sufficient to maintain allergy and, by inference, a relatively high level 
of acquired resistance. When acquired resistance is depressed in such an indi- 
vidual, it seems probable that the higher the level of accompanying allergy, the 
more actute the outbreak of pulmonary tuberculosis and the greater the tendency 
to exudative reactions and caseation. Maintenance of a relatively high level 
of acquired resistance, as evidenced by the continuation of a positive allergic 
reaction, is usually adequate protection against exogenous superinfection. Per- 
sons with a positive allergy, therefore, need to be protected principally from 
themselves and this is best accomplished by maintaining a high level of acquired 
resistance. 

Comparing individuals in two states of negative allergy, primary and second- 
ary, it is evident that they can develop phthisis only as a result of exogenous 
contact with tubercle bacilli. In early childhood the negative reactors to tuber- 
culin are made up of a mixture of individuals with all degrees of native resistance 
to tuberculous infection. In a tuberculinized environment, with the passage of 
years those with lesser degrees of native resistance gradually become infected nnrl 
pass into the group wth positive allergy so that by the time early adult life is 
reached those still in a state of primary negative allergy represent almost exclu- 
sively individuals with a relatively high degree of native resistance. That thig 
degree of native resistance is not a true immunity and is not, in contact families, 
sufficient to prevent eventual infection is evidenced by the entire disappearance 
of these primary negative reactors in the 14 to 19 year old groups in both white 
and Negro families (13). 

A high degree of native resistance and the ability to develop acquired resistance. 
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however, leads to rapid control of the tuberculoxis infection when it docs occur. 
This is shown bj’’ the lack of demonstrable eiddence of a primar}' complex', by 
Toentgenographic or other method of ex'amination, when the tuberculin reaction 
becomes positive. The high level of native resistance plus the resulting acquired 
resistance holds the infection to a minimal anatomical e.xtent and frequently 
leads to the early destruction of the invading organisms and the eventual loss 
of allergj’. The indmdual then again becomes a negative reactor, but this time 
is in a state of secondar 3 ’- negative allergj-- with residual acquired resistance. 

The older the age group imdcr consideration, the more likel}’’ are the primaiy 
negative reactors in it to be indmduals with a liigh native resistance and to this 
extent the less likelj' are they to develop infection following exogenous e.xposure, 
and the less strictly do they need to be protected. 

Of the original cliildhood group composed of individuals with varying degrees 
of native resistance given the same exposure, those possessing a lesser degree 
become infected at earlier age levels. In some of these, the infection is sufficient 
to result in a demonstrable primaiy complex and to persist throughout the life 
of the individual, as is e\’idenced by a lifetime positive reaction to tuberculin. 
In others, the infection is successfully combated and the tuberculin reaction 
again becomes negative. Tlie acquired resistance, however, persists in a degree 
diminishing with the passage of time, but this residual acquired resistance, 
together with the anamnestic response, is sufficient to greatly modify any sub- 
sequent exogenous infection (11). This is e^-idenced by the failure of a primary 
complex to develop and the productive character of those reinfections that are 
demonstrable by roentgenographic e.xamination. 

To summarize, it can be said then that the state of positive allorgj' vith its 
associated acquired resistance is in most cases an adequate defense against exog- 
enous superinfection, but that such indmduals are subject to the dangers of 
endogenous reactivation or spread. Of those who respond nogativeb' to tuber- 
culin, the group of older children and young adults classified as primary ncgafii'o 
reactors need protection onlj' from massive or repeated exogenous infection. 
Tlieir relativeh' high level of native resistance will cither protect them com- 
pletely from the ordinarj’ contacts or will limit any infection that they may 
acquire so that onlj* minimal involvement will result. Those persons classifiwl 
as secondarj' negative reactors arc the most susceptible of all the groups to 
exogenous e-xposure to tubercle bacilli and are the group that needs the greatest 
protection. Their native resistance h.ns been inadequate to protect them from 
their first infection and even the addition of a certain amount of acquired resist- 
ance frequently is not sufficient to protect them from hc.avy reinfection. 

Possnhlc cUntcal applicalioji of above considerations: Witli the above correlation 
of the clinical data and the tlicorctical consideration of the question of allcrgj' and 
acquired resistance following tuberculous infection, it is pertinent to .nsk wlint 
clinical application can be made of the concept of the state of secondary' negative 
allergx' to tuberculin. Will .such a concept lielp to explain some of the apparently 
contradictor}' facts that have been e.stablished and, with it, ran the diametrically 
opposed conclusions of tbe difTerent men investigating tlio same .subject be 
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reconciled? Tlic falhicy in many of these investigations is that it has been taken 
for granted that a negative tuberculin reaction, at no matter what age level it 
was encountered, was proof that that individual had never been infected with 
tubercle bacilli. If the concept of the state of secoudarj’- negative allergy be 
accepted, it becomes immediately obvious that all epidemiological studies based 
on the earlier premise may be appreciabl5’^ compromised. 

For many years the fact that a tjTjical primary comple.K is rarely seen in adults 
and 3"et is the usual response of infancj'’ and carl}’’ childliood to contact with 
tubercle bacilli has lead some phthisiologists to the belief that there is a funda- 
mental dilTerence between the two age groups. This belief was strengthened 
when mass tuberculin surve5"s showed that many adolescents and adults were 
negative to tuberculin and j'et did not develop a demonstrable primary comple.x 
when the}' later developed pulmonar}' tuberculosis. This lead to the terms 
'‘childhood type” and “adult type” of tuberculosis. The apparent difference in 
the age groups is readily reconciled by the concept of the state of secondary nega- 
tive allergy with residual acquired resistance. In such a concept the reaction to 
the first contact vith tubercle bacilli is the same at any age. To quote Terplan 
(14): “It appears, then, from the s}'raposium on primary tuberculous infection 
of the adolescent and adult, that no sufficiently complete morphological data 
have become known to prove that the anatomical picture of first infection is 
different in its extent and effects from the usual priraai’y infection in other age 
groups.” The only real difference in the two age groups is that they differ in the 
proportion that each contains of individuals with low native resistance who will 
develop a demonstrable primary complex on contact ■v\'ith tubercle bacilli. 

The only real difference in the reaction of groups of children and groups of 
adults to first contact with tuberculosis is that among children there is a larger 
proportion with low resistance who for that reason develop a primary complex. 
Adults who react negatively to tuberculin, and therefore had been considered 
similar to tuberculin-negative children, are in many instances persons with a 
high native resistance or those -who are in the state of secondaiy negative allergy 
with residual acquired resistance. 

Another group of clinical investigations in which the results are difficult to 
explain are those on the incidence of tuberculous infection and disease in medical 
students, interns, and student nurses. These studies show that when a group of 
negative reactors to tuberculin turns positive, few if any of them show a typical 
primary complex. Moreover, of the few who show pulmonary lesions on the 
chest roentgenograms, the picture is that of a minimal productive infiltration. 
The discrepancies disappear at once, however, when it is realized that probably 
at least half of the negative reactors among these young adults are secondary 
negative reactors noth varying degrees of residual acquired resistance and that 
even the few remaining primary negative reactors represent a thoroughly screened 
group with relatively high native resistance. With this understanding of the 
significance of a negative tuberculin reaction in this group, the observed results 
are exactly what would be anticipated. It would be expected that: (a) there 
would be few if any cases ■with a demonstrable pulmonary primary complex; 
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(b) that in most instances the tuberculin reaction would become positive without 
any clinical or roentgenographic evidence of disease; and (c) if such endencc 
were found, the extent of involvement would be minimal and recovery prompt. 
There is no doubt that many medical students and nurses break down with active 
tuberculosis, but the greater number of these are individuals who began their 
medical studies with a positive tuberculin reaction. In them the stress and 
overwork required to remain in school have worn down their resistance to the 
point that it has failed to keep their pre-existing infection under control. 

Frequency of primary complex in adult Negroes: Another clinical observation 
that has been difficult to explain is the frequenc.v of the occurrence of a Ijiiical 
pulmonarj^' primaiy complex in the adult Negro. It has long been firmly estab- 
lished that the American Negro is particularlj'- susceptible to tuberculous infec- 
tion. How then could it so frequentl}' happen that thej’’ apparently passed 
through childhood and adolescence while living in close contact with tuberculosis 
without becoming infected? The explanation rests on the evidence quoted 
before (9) that the Negro is less able than the white to maintain acquired resist- 
ance. The explanation offered to account for tlie frequency of a primarj* com- 
plex in the adult Negro is as follows. Practically all of the Negro population 
becomes infected at an early age but some of them are able to heal this firet 
infection completely and pass into the group of secondary negative reactors vith 
some residual acquired resistance. These indinduals arc less able than other 
racial groups, however, to maintain that acquired resistance and it is eventually 
lost. It takes years to bring this about and thej’ may reach late adolescence or 
early adult life before they revert to a condition similar to their original childhood 
state in which there is neither allerg}' nor acquired resistance. If, when they 
have reached this state, they again come in contact with tubercle bacilli, they 
develop a true seconder}' primar}' complex. That this is so is evidenced by the 
frequency with which the remains of a previous infection are found when a fi-c.«h 
primarj' complex is demonstrated in an adult Negro, Rich (9, page 139) says: 
“Certainly, in the present writer’s e.xperience, the presence of the childhood typo 
of progressive tuberculosis in adult Negroes has by no means e.xcluded the finding 
of associated older arrested caseous and calcified primarj' lesions; and Pinner 
and Kasper (17) in their excellent study of this point report the .same observa- 
tion.” 

Another situation that is leading to much confusion and mutual misunder- 
standing among clinical investigators is the finding of pulmonarj' and tracheo- 
bronchial calcifications in persons who have a negative reaction to tuberculin. 
It has long been known that .such calcifications frequently result from a primary 
tuberculous complex and, as tuberculosi.s is by far the most frequent chronic 
pulmonarj' infection in children, it was as.^umed that most such calcifie.ations 
were of tuberculous origin, .although admittedly some might be due to other 
causes. A difference of opinion among clinicians developed, however, when 
.such c.nlcifications were found in children with a negative tuberculin tv.artion. 
Those who were finnly grounde<i in the belief that “once infected witli tubercu- 
losis alwiiys infected” and that therefore once allergj- <leveloped it rcmainr‘<l 
po.'itivc for the rest of that individual’s life, felt that c.alririeations in the presence 



SECONDARY NEGATm: TUBERCULIN ALLERGY 


471 


of a negative tuberculin reaction could not be a result of tuberculosis. Therefore, 
they have been searching for some extremelj’' common pulmonarj' disease, severe 
enough to produce pulmonarj' calcifications, vhich disease had existed for gen- 
erations but so far had eluded clinical detection. Although such diseases un- 
doubtedly exist, the coexistence of calcifications as a result of a tuberculous 
primary complex and a negative tuberculin reaction can be reconciled bj’" the 
concept of the state of secondary negative allergy. 

Relation of secondary negative allergy to studies of BCG: Another field of investi- 
gation in which there is a mde difference in the conclusions dravn from clinical 
study concerns the value of BCG in the control of tuberculosis. There has been 
both enthusiasm and condemnation for the use of the vaccine but the studies on 
^Yhich both opinions are based have been criticized for lack of adequate control 
and follow-up. Recentlj' in this countiy there have been two separate investi- 
gations that are seeminglj’’ free of these objections. They are comparable in 
that both comprise studies on large groups of individuals who were given several 
different batches of BCG vaccine by the same route; in each, an entirclj’’ similar 
group served as controls; and in each, there was adequate follow up for a period 
of six years of both the vaccinated and control groups. In spite of these simi- 
larities, the conclusions reached as to the value of BCG vaccination in the pre- 
vention of tuberculosis flatlj’- contradict each other. It is possible that the 
concept of the state of secondary negative allergy with residual acquired resist- 
ance could explain this contradiction. 

The investigations in question were conducted in New York City (9) and on 
various reservations for American Indians (17) and will be referred to as the 
“Now York” and the “Indian” group, respectively. 

There is onlj' one thing in Avhich these two studies differ and that is the com- 
position of each group. If the concept of the state of secondarj' negative allcrgj* 
to tuberculin is applied to each group, the conflicting conclusions can be recon- 
ciled and each bo made to fit into a general pattern. 

Yflicn the reports are e.xarained it will be found, first, that the New York studj' 
is composed almost c.vclusivclj' of infants who received their vaccination before 
thej’ were one j'ear old. This group, which of course was negative to tuberculin, 
was prcsumablj' composed entirclj* of primarj’’ negative reactors, for it is un- 
lilcclj' (hat an infant could acquire and complctelj’’ heal a tuberculous infection 
in the finst j'car of life. This group of primarj* negative reactors was composed 
of individuals with all degrees of native resistance, some high and some low. 
Comparing the vaccinated group with the control group, the investigators found 
that, (here was no difference in the incidence of tuberculosis developing in a five 
J'ear period after vaccination and thej* conclude thatBCG vaccination is valueless 
in the prevention of tuberculosis. They s,ay (IG): “The figures for the groups 
wore essentially .similar, the tuberculosis mortality of the vaccinated cases being 
1.41 per cent as agaimst l.Gl per cent for the controls.” Thej' also state; “.As 
a public health measure, therefore, the routine vaccination with BCG of children 
from tuberculous homes is less a.dvantageous than removal of the tuberculous 
.subject from the home.” 

'I he Indian study, on the other hand, is composed of a group of “Indian pen-ons 
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ranging in ago from one to 20 i'cars inclusive” (17). From their figures it will 
be soon that C7.5 per cent of the BCG group and GG.9 per cent of the control group 
were from age 5 to 14 years inclusive. A possible fallacy in the conclusions 
dravm by these authors lies in the fact that, because the tuberculin reaction was 
negative, they considered these individuals to be free of previous tuberculous 
infection and therefore in a slate of primaiy negative allergjL From ivhat has 
been said above, this appears improbable. From table 1, which is derived from 
studies reported elsewhere (13), it can be seen that, in these ago groups from con- 
tact families, between 75 and SO per cent of those with no allerg}’- to tuberculosis 
were classed, according to criteria discussed before, as secondar}' negative reactors 
and only 20 to 25 per cent were found to be free of previous tuberculous infection. 
Wiile it has already been stmssed that no two groups were exactly similar, it is 
of interest to compare contact families in Philadelphia’s poorer section with con- 
tact families on an Indian reservation. If the same distribution of sccondar}’ 
negative reactors obtained in both groups, instead of being entirely free of tuber- 
culosis, approximately three quarters of the Indians vaccinated were in all prob- 
ability secondary negative reactors and therefore had var}’-ing degrees of residual 
acquired resistance. This would make the Indian group of negative reactors a 
highly selected one and this selectivity would be further increased by the con- 
sideration that many of these individuals who have survived into the age period 
in question in a state of primary negative allerg}’- presumably have done so be- 
cause of a high degree of nativ-e resistance. In summarizing their findings in 
this possibly highly selective segment of their population these authors find: 
“The comparison for total incidence, (of tuberculosis) cases of all t}’pes and 
deaths, is that of 185 among controls and 40 in the vaccinated. In terms of 
cases per 1,000 person-years, the rates were 24.3 and 4.7 respectively.” This 
is a significant difference and indicates that the BCG vaccine had afforded a con- 
siderable amount of protection against tuberculosis to those who received it. 

It is obidous from the above consideration that the segments of the population 
forming the basis of these two studies are not comparable, due to the differences 
in average age, length of e.xposure to tuberculosis, native resistance, and especi- 
ally the possible imintentional selection of individuals with increased acquired 
resistance to tuberculosis in the Indian group. If the groups are not comparable, 
then the results of the studies are not comparable, and both conclusions may be 
right for their respective groups. How then can these results be interpreted? It 
would seem that in an unselected group of infants BCG vaccination was unable 
to so augment native resistance or stimulate acquired resistance as to afford any 
significant protection against subsequent tuberculous disease. On the other 
hand, in a group presumably composed principally of indmduals with varying 
degrees of resistance acquired from a previous infection, similar vaccination 
produced a very satisfactory degree of protection. It would seem that most of 
those individuals in the Indian group that were vaccinated received a "booster 
shot” at a time when their acquired resistance was declining and that this situa- 
tion plus the anamnestic response was what afforded the protection. 
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Fnitn this it uciuhJ scorn that liic prohnf)lc ultitnnlo tisofulniv-s of BCG vnc- 
cinntion will l*o to rfstinnjhvtc a doolining rfsistaiu'i? in i>C'n?i)ns who have nlready 
iicaloii a previous priinan- Hilx'rculous infection nnd are in a state of st^condary 
lU'pitive aUerKj" witli doclininit rx‘sidual acquired tx'sistance. 


KU^!MAnV 

A working hypothesis is dovelojHsi to account for the* ajqjeamnce nnd, in some 
ervses, the Mihs/xpiciU loss of ,nllorg;t* to tuberculin. The concept that acquinxl 
rx'sistance persisUs after thus loss of allerpy' is fund.atnental to the hypothesis, 
lliis .‘-tate of sensitivity to tuberculin is temied secondiity negative nllerfO' "‘ith 
nu.^idual acquirxst nrsistancc. 

It is believed that the state <if .secondary negative nllerpj' occurs with suffi- 
cient frequency to make its delation important, although the ncttial incidence 
v.aries in difTerent groups according to tlieir age, economic level, and degree of 
e.v 5 >osurv' to tulK!ritulosi.s, 

Sccondaty negative allergj' is not. ncce&virily a permanent stale hut c.an be 
changer! into positive allcrgj' by n;infcction. 

It is pointcy.1 out that alIorg.v nnd acqniny] resi.statire are both initiated by the 
j)rimnr>* infection, ^^'ll<.in a minimal primarv* h.“>ion heals completely, however, 
allergy disappear...- rapidly, whcrt'.a.^ n.s.sidual acquirer! resistance persist.s. In 
this rx?sp(?ct, secondary negative allergy differs from primarj’ negative nllcrgj'. 

The v.alue to the individuid of the rlifferenl states of allergj' to tuberculin is 
discusser!. It i.s pointed out that positive alicrgv* indic,'ile.s a bodily stale in 
wliirh c.Yogenous sui>crinfcction is difficult to establish, but in whicli cndogonou.s 
reactivation or .spread is a constant hnr,:ird. Primara' negative aficrg>', if main- 
tained hecau.se of high n.ative rcsi.sfance and not because of lack of contact, is 
undoubterlly the most dcsiniblc state. .Secondar}' negative nllcrg}* i.s the .state 
that needs the greatest protection from e.xogcnous reinfection. 

The concept of secondarj* negative nllcrgj- with residual acquired ro,sistanco 
has been u-sorl to e.xplain and integrate certain clinical observations. It c.an 
explain the difference in the au-atltant pathologic.a! picture.? when luhorculin- 
negative children develop for the first time, nnd tuhcrculin-ncgativc adults de- 
velop for the second time, a hyperscn.sitivlty to liibcrcuHn. It can e.vplain the 
“atj-pica!” clinical picture in most luhcrcufiji-negativc medical personnel Avhen 
they .subsequently develop hj-persensithity. It can be used to reconcile the 
coexistence of i)uImonan- calcification of tul)orculous origin and a negative 
tuberculin reaction. 

Finally the concept of .sccondarj' negative allergy with residual acquired rc- 
.sistance can explain and integrate the conflicting opinions as to the value of 
protective vaccination with BCG. It is suggested that the vaccine is not capable 
by itself of .sufficiently stimulating acquired resistance to afford adequate pro- 
tection against sub.sequent exposure, but that it can restimulato and augment a 
failing naturallj.- acquired resistance. 
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SUMAIUO 

Bstiidios Clinicos dc la Alcrffia a la Tuhcrculina, Conseculiva a la Infcccidn 

Tubcrcidosa Primaria 

La liip 6 t€sis aqui claborada permitc explicar la aparici 6 n y, en algunos casos, 
p 6 rdlda subsiguiente de la alergia a la tuberculina. El concepto de que la 
resistencia adquirida persiste despuds de dicha pdrdida de alergia es fundamental 
para la hipdtesis. Ese estado de sensibilidad a la tuberculina cs denominado 
alergia negativa secundaria con resistencia adquirida residual. 

Opina el A. que el estado de alergia negativa secundaria es suficientemente 
frecuente para que su descubrimiento revista importancia, aunque su incidencia 
real varla en diversos grupos conforme a edad, stiuacidn econdmica, 3 ’’ e.\posici(5n a 
la tuberculosis. 

La alergia negativa secundaria no es forzosamente un estado permanente, pues 
la reinfeccidn puede virarla a positiva. 

Sefidlase que la alergia e igualmente la resistencia adquirida son iniciadas por 
la infeccidn primaria. Sin embargo, cuando una lesidn primaria minima cicatriza 
completamente, la alergia desaparece con rapidez, en tanto que persiste la 
resistencia adquirida residual. En este sentido, la alergia negativa secundaria 
discrepa de la primaria. 

DiscUtese lo que representan para el indi^’iduo los diversos estados de alergia, 
indicdndose que la alergia positiva denota un estado fisico en el cual es dificil 
establecer una superinfeccidn e.\'dgena, pero en el que la reactivacidn o difusidn 
enddgena constituye un riesgo constante. La alergia negativa primaria, si la 
mantiene ima resistencia natural alta 3 ’’ no la falta de contacto, represents sin 
duda el estado mds conveniente. La negativa secundaria es el estado que 
necesita la mayor proteccidn contra la reinfeccidn exdgena; 

Utillzase el concepto de la alergia negativa secundaria con resistencia adquirida 
residual para explicar e integrar ciertas observaciones cHnicas. El mismo puede 
explicar los diversos cuadros patoldgicos observados caundo ninos tuberculino- 
negativos manifiestan por primera vez, y adultos tuberculinonegativos por 
segunda vez, hipersensibilidad a la tuberculina. Puede tambidn explicar al. 
“atipico” cuadro cllnico notado en el personal mddico tuberculinonegativo al 
manifestar despuds hipersensibilidad. Puede usarse ademds para reconciliar la 
coexistencia de calcificacidn pulmonar tuberculdgena y reaccidn negativa a la 
tuberculina. 

Por fin, el concepto de alergia negativa secundaria con resistencia adquirida 
residual puede e.xplicar e integrar las opiniones contradictorias en cuanto al valor 
de la vacunacidn protectora con BCG, sugiridndose que la vacuna no es capaz, de 
por si, de estimular la resistancia adquirida lo suficiente para facilitar proteccidn 
adecuada contra la exposicidn subsiguiente, pero puede si excitar de nuevo y 
acrecentar una resistencia adquirida naturalmente y en \4as de extincidn. 
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EDITORIAL 


Present Status of Therapeutic Pneumothorax 

From having been in the twenties a principal weapon in the treatment of 
pulmonary tuberculosis, artificial pneumothorax today is in danger of being too 
neglected. The early enthusiasm for this therapy has felt the chilling effects 
of statistics on the frequenc3’ of empyema, inexpandible lung, and relapse after 
re-expansion of an effectively collapsed lung. 

The list of indications for therapeutic pneumothorax has rmdei^one such 
repeated withdrawals that, for some phj'sicians, not many remain. For the 
zealot of pneumothorax, it is discouraging that the types remaining, which are 
considered to be suitable for the treatment, are the very ones in which the 
possibilities of permanent complete success have been definitely reduced. 

Pleurisj' is a more frequent complication when the parenchymal disease is 
exudative and producing toxic symptoms. Time should be allowed for the 
inflammation to subside somew’hat before beginning collapse therapy. Some- 
times it is then possible to avoid it entirely. Or, if pneumothorax is considered 
to be necessary after tw’o to six months of bed-rest, pleural complications are 
likely to be less frequent. 

Phrenic nerve interruption permits the avoidance of collapse treatment in 
some cases. It has the advantage of being accompanied by practically no 
complications. Tiflien the disease is relatively fresh, exudative, usually subapical 
or in the lower or middle thirds of the lung field, and if the ca^dty is less than 2 
cm. in diameter, success with the phrenic nerve operation is frequent. It 
certainlj’’ avoids the use of pneumothorax in a fair number of such cases. An- 
other tj’pe of disease which in the past ■was often treated ■\\ith pneumothorax is a 
lesion •which is predorainantlj’- basal, usuallj’’ ■with a large cavity and not too 
much surrounding infiltration. Some such lesions 'sviU close after phrenic 
paralysis, if not alone then in combination wth pneumoperitoneum. 

The developing popularity of thoracoplasty has taken manj’' cases away from 
pneumothorax and properly so. The writer formerly -w’ould use pneumothorax 
■virtually solely on the basis of the condition observed at the time (e.g., sputum 
containing tubercle bacilli and a cavity -nhich was enlarging or remaining sta- 
tionary) -without too much attention to the fact that the extent and type of 
disease were such that relapse after re-expansion was probable. Cases of this 
sort include the predominantly fibrous lesions principalb'- confined to the upper 
third of the lung. The procedure “wns to try pneumothorax first and, if it failed, 
to perform a thoracoplast3^ Wlien the pneumotliorax succeeded, too man3’- of 
these cavities reopened in the several years after the lung had been allowed to 
re-expand. The present practice is to do a primary thoracoplasty in such cases. 

The development of kno-wdedge of the relationsliip of bronchial tuberculosis 
to relapses and unexpected setbacks of the parenchymal lesion has bad a definite 
effect on pneumothorax therapy. Today, it is unlikely that atelectasis -will be 
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mistaken, for tuberculous pneumonia. It is now appreciated that failure of the 
limg to re-expand after pneumothorax is not always due to rigid fibrosis of the 
lung. Bronchoscopy is practically a sine qua non before attempting pneumo- 
thorax therapy and this foim of collapse is contraindicated in the presence of a 
stenosing lesion of a main or secondary bronchus. If pneumothorax is induced 
when the bronchial lesion is merely a localized congestion of an upper lobe 
branch, the bronchial lesion may extend to the lower lobe branch despite the 
pneumothorax. As a consequence, atelectasis of the subsidiary lobe may take 
that much more respiratory space from the patient. In addition, bronchial 
disease has been blamed for many of the pleural complications of pneumothorax. 
The writer questions this and believes rather that most pleural complications 
are due to beginning the collapse while the disease is too inflamed. Another 
source of difficulty is, of comrse, the continuation of pneumothorax in the presence 
of adhesions which interfere nith a good mechanical collapse. 

It should hardly be necessary todaj'^ to point out that pneumothorax should be 
considered a tentative procedure. If the lesional area can be effectively col- 
lapsed away from the chest wall and preferably also from the upper mediastinum, 
then only should it be maintained, unless, of course, no other measure can 
be substituted. Frequently it is necessary to perform a pneumonolysis within 
the first month of collapse therapy to obtain such a collapse. A permanently 
successful effect is seldom obtained when the cavitarj'- portion is pressed against 
and directly attached to the chest wall. Cavities which close very slowly, re- 
quiring over three or four months, frequently reopen after re-expansion. When 
thoracoplasty or other surgical means cannot be performed, such a mechan- 
ically poor but clinically effective collapse may be maintained. Except in such 
a drcumsiance, however, the tentative procedure of pneumothorax should he aban- 
doned as early as possible, practically always within a month or two at the latest. 

The writer formerly achieved an occasional successful result with pneumo- 
thorax in the periodically sick patients whose symptoms were due to infection 
behind stenotic bronchi and bronchiectasis. Now such patients would be sub- 
jected to resection of a lobe or lung. 

In the past, pnemnoperitonemn was used by many only for the hopeless bi- 
lateral cavernous case. For some physicians that is becoming the position of 
pneumothorax today. Certainly pneumoperitoneum, combined with a phrenic 
nerve interruption on the worse side, will sometimes tide sick patients over the 
stage of most active inflammation so that subsequent collapse measures have a 
much better chance for success. It must be recognized that the enthusiasts for 
pneumoperitoneum, influenced by the fact that its complications are less tb;^ .Ti 
those of pneumothorax, are encroaching more and more on the use of pneumo- 
thorax in the more favorable cases. Thus pneumoperitoneum is being used in 
the types of case in which pneumothorax is most indicated, i.e., patients with 
unilateral disease which is not too extensive and is usually exudative. 

There are certain features about cavities which influence the choice of treat- 
ment. The large thin-walled cavity, usually designated a “tension cavity,” re- 
sponds better to a short term Monaldi operation followed by thoracoplasty than 
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to pneumothorax. Because some basal cavities collapse after phrenic nerve 
interruption, that procedure should precede the use of pneumothorax in such 
cases. Cavities situated near the surface of the lung are notoriously dangerous 
under pneumothorax treatment. 

What then is the position of pneumothorax todaj'-? Naturally it is advisable to 
tiy to avoid the procedure vdienever possible. A patient in a febrile stage, with 
exudative disease and a caAdty, should receive a period of bed-rest. If improve- 
ment follows and 3’^et some artificial help seems to be indicated, methods less 
dangerous than pneumothorax should be tried initiall3'’, such as phrenic interrup- 
tion or pneumoperitoneum. The presence of bronchial disease, at least the ste- 
notic and ulcerogranulation tissue t3’’pe, should be excluded before trying pneu- 
mothorax. Moreover, pneumothorax should not be emplo3’’ed if the age or the 
extent and the type of lesion argue against permitting re-e.xpansion. The writer 
long ago abandoned the practice of using pneumothorax as a preliminary to 
attempting thoracoplast3L Pneumothorax should be regarded as a tentative 
procedure which must prove its value within a few montlis. 

Such a program necessaril3'’ greatly limits the use of pneumothorax therapy. 
Nevertheless, b3’’ following this plan tuberculous empyema and serious serous 
pleuris3’’ are rarely encountered. 

Because streptomycin therapy is so new it has not been added to the list of 
factors which raa3'' limit the use of pneumothorax. It is reasonable to believe, 
however, that chemotherap3’' is going to enable us to avoid pneumothorax in some 
patients and wall make pneumothorax a safer procedure in others b3’’ neutralizing 
toxic symptoms. 

To sum up: Pneumothorax is not employed as much today as formerly al- 
though it is a much safer procedure than earlier studies would indicate. The 
latter fact is probably a result of better choice of patients in the ideal group, a 
period of prior bed-rest sufficiently prolonged to permit a subsidence of the most 
active inflammation, early pneumonolysis, and early cessation of pneumothorax 
if effective collapse does not seem possible. Pneumothorax is contraindicated if 
other measures are available in stenosing and ulcerogranulamatous bronchial 
tuberculosis. When thoracoplasty is possible and the extent and age of the 
disease favor the possibility of exacerbation after re-expansion, a primary tho- 
racoplasty is adidsable without a prior attempt at pneumothorax. 

J. N. Hates 
Saranac Lake, N. Y. 
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Tuberculosis of the Tongue. — A patient 
with advanced pulmonary tuberculosis de- 
veloped a proved tuberculous ulcer of his 
tongue subsequent to a trauma. Following 
treatment with streptomycin the ulcer healed 
completely while the pulmonary condition did 
not improve . — Treatment of Tuberculous Ulcer 
of the Tongue with Streptomycin, H. Wolfer, I. 
Hirshleifer & R. Shapiro, J. A. M. A., Jan- 
uary S4, 1948, 136: 249— Aheles) 

Tuberculous Cervical Adenitis. — The treat- 
ment of tuberculous cervical adenitis has gone 
through a munber of phases. Extensive sur- 
gical extirpation fell into disrepute and was re- 
placed by nonsurgical measures such as helio- 
therapy and roentgen therapy. The former 
treatment is lengthy and unavailable to most 
patients. The latter, while efficacious, leaves 
unsightly scars. ■ Aspiration of abscesses re- 
sulting from extension of the tuberculous proc- 
ess is to be condemned. Incision followed by 
curettage also is disapproved; the results are 
very poor and occasionally disseminated tuber- 
culosis results. The author proposes a revival 
of surgical treatment. Good anesthesia is 
desirable in order to avoid overdistension of 
the neck veins. The surgeon should be 
trained in dissection of the neck. Diseased 
tonsils and adenoids should be removed. 
Complete local dissection of the involved 
group of nodes should be carried out. Where 
abscess formation has resulted, and the skin is 
involved, the unhealthy portion is excised and 
the wound is packed with vaseline gauze. 
Provision should be made for a convalescence 
of two to three months . — Tuberculous Cervical 


Adenitis, H. Bailey, Lancet, February 28, 
1948, 1: SlS.—iA. G. Cohen) 

Tuberculosis of the Pancreas. — ^In Argen- 
tina, 7 cases of this very rare localization of 
tuberculosis have been published. Another 
case is added by the authors. An 18-year- 
old girl was treated over a period of one year 
for intestinal tuberculosis. The autopsy 
showed hematogenous tuberculosis of most of 
the intestinal organs. The pancreas was 
surrounded by a voluminous conglomeration 
of caseous glands. The organ itself was 
studded with numerous seed-like nodules, 
especially in the head. Histologically, there 
was massive central necrosis of the lobules 
with thrombosis of the central arteriole. In 
the periphery of the lobule the necrosis was 
less intense. Numerous lymphocytes and 
some fibroblasts and histiocytes were found 
in this area. The necrosis was contained by 
the interlobular wall. Occasional acid-fast 
bacilli were found . — Tuberculosis hematogena 
del pancreas, F. Gonzalez, R. I, Latienda & E. 
Erbelli, Arch, argent, de tisiol., 1946, 22: 
37. — (W. Swienly) 

Genital Tuberculosis. — ^Latent genital 
tuberculosis m females is more common than 
heretofore suspected. Endometrial biopsies 
are of value only if the tuberculous process 
reaches the endometrium. The author per- 
formed cultures for tubercle bacilli on 140 
specimens of menstrual fluid from 80 women 
including 10 with known endometrial tuber- 
culosis and 2 suspects. Nine positive cultures 
were obtained from 6 different women, in- 
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eluding 2 who had positive biopsies. Cultures 
in 19 others revealed nonpathogenic acid-fast 
bacilli. — Deledion of Latent Genital Tiiber- 
culosis by Culture of Menstrual Discharge, 
I. Ealbrecht, Lancet, December S7, 1947, 2: 
947 .— {A. G. Cohen) 

Tuberculous Lupus Treated with Vitamin 
•D2. — ^The author reports marked improve- 
ment in the clinical condition of a 36-3’’ear-old 
patient suffering from tuberculous lupus and 
from arthritis, following treatment with 
\dtamin D2 for a period of about twelve 
weeks. The dosage was 240,000 units (6 mg.) 
of an alcoholic solution given dailj’- by the 
oral route during the first month, and 120,000 
units (3 mg.) daily during the following 
months. The treatment given varied some- 
what from that recommended by Charp 3 ' 
(600,000 units three times for one we^, 
twice a week for one week and once a week for 
three weeks). In spite of the larger doses 
given, no signs of intolerance were manifest. 
During the first weeks, blood calcium and 
urinary calcium increased. In the later 
months there was spontaneous reduction of 
calcium everetion. Tuberculous arthritis in 
the right knee showed definite improvement 
during the treatment. The patient had had 
lupus of the right cheek for twenty years. 
Biopsy of tissue at the periphery of the lesion 
showed Langhans’ giant cells and epithelioid 
cells surrounded by a l 3 ’mphoc 3 i;ic infiltrate. 
The right knee, wliich was the seat of sub- 
acute inflammation and h 3 ^drartlrrosis, was 
swollen and tender. Culture of aspirated 
cloudy fluid, 35 cc. in amount, resulted in the 
growth of tubercle bacilli. A patch tuberculin 
test at the beginning of treatment gave a 
four-plus reaction, at its close only a two- 
plus reaction. A second aspiration of the knee 
at about the same time 3 aelded barel}' 7 cc. 
of blood-stained fluid. Cultures and animal 
inoculation of portions of this were negative 
after four weeks. In conclusion, the author 
believes the administration of unusually 
large doses of vitamin D2 was of great benefit 
to his patient. However, he warns physicians 
that patients recehdng such doses should be 


under the strictest medical supervision. 
Clinical signs of fo.xic effect, or of important 
modifications of blood calcium or urea would 
be indications for temporar 3 ' or complete 
abandonment of the treatment, — Considera- 
tions sur le traitement du lupus luberculcux par 
la vitaminc D2, J. Grandbois, Laval mcd. 
(Quebec), September, 1947, 12: S29. — (A. T. 
Laird) 

Treatment of Tuberculous Cystitis. — ^In 4 
patients who had undergone neplunctomy' for 
renal tuberculosis, there was a persistent 
C 3 'stitis. Treatment consisted of trans- 
planting the remaining ureter into the pelvic 
colon. Good symptomatic results were ob- 
tained in all cases. — Tuberculous Cystitis: 
Transplantation of Remaining Ureter, F. C. 
Pybus & D. T. Jones, Lancet, February 21, 
194 s, 1: 2S0.~(A. G. Cohen) 

Tuberculous Cystitis. — Tliree cases are 
reported. The first was characterized by 
“the golf hole ureter" — the gaping hole in 
the bladder wall produced b 3 '' tuberculous 
imolvement of the ureter. Nephrectomy 
established the diagnosis of tuberculous 
pyonephrosis and ureteritis. The second 
case had bilateral gaping ureteral orifices, 
produced not by ureteral traction but by 
“increased intravesical pressure and in- 
competence of the valve mechanism.’’ The 
third case, at C3'5toscopy, revealed mucosal 
ulceration around a golf hole ureteral orifice. 
Intravenous pyelogram indicated a filling 
defect in the bladder, around the right 
ureteral orifice. Although a filling defect 
is usuall 3 ’- caused by neoplasm, the diagnosis 
here was ulcerating tuberculosis p 3 mlone- 
phritis, ureteritis and cystitis. — Tuberadous 
Cystitis: Azotes on Three Cases, A. S. John- 
stone, Brit. J. Radiol., February, 1947, 20: 
61. — (L. Hyde) 

Tomography of the Spine. — Tuberculosis 
of the spine is first noticeable in the X-ray 
film as a diminution of the space between the 
vertebral bodies, with decalcification of the 
adjacent portions of bone. As caries pro- 
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gresses some collapse occurs, and several 
vertebral bodies may be involved. Ordinary 
anteroposterior and lateral X-rays are useful 
in determining the e.\tent and progress of the 
disease. Tomography is of special value, 
however, in overcoming difficulty in such 
areas as the first and second cervical vertebrae, 
the cervical-dorsal region, and the lumbosacral 
area, where overlapping structures may 
interfere in delineation of bony disease. In 
the region of the first and second cendcal 
vertebrae, a good view of the diseased area 
maj'' be obtained from an ordinary lateral 
film , but in the anteroposterior X-ray film 
the area is usually obscured by the lower jaw. 
In the cervical dorsal region, tuberculous 
disease may be delineated with plain films, 
but tomography may be very helpful in more 
accurate definition. Tuberculous disease of 
the sacrum is rare except in conjunction with 
(fisease of the sacroiliac joints. Tomograms 
may be of value in special cases. A brief 
description of the radiographic technique 
is given . — Tomography of the Spine in Tuber- 
culous Disease, S, G. Wood & M. C. Wilkinson, 
Brit. J. Radiol., October, 19^7, 20: j^lS. — {L. 
Hyde) 

Addison’s Disease. — The author describes 
and analyzes the incidence, with age and sex 
distribution, and the findings in 38 cases of 
Addison’s disease — 17 males and 21 females — 
diagnosed from 1921 to 1945 in several 
hospitals in Helsinki, Finland. In 14 cases a 
tuberculous etiology could be established; 
8 of those were confirmed by autopsy, reveal- 
ing adrenal tuberculosis, while 6 had a history 
or signs of tuberculosis in organs other than 
the adrenals. In two cases the X-ray finding 
of calcified lesions in the adrenal area indicated 
the tuberculous etiology. Other causes of 
the syndrome were atrophy, sclerosis or 
injury of the adrenal gland, metastatic carci- 
noma and endocarditis lenta. More than 50 
per cent died within two years from the onset of 
the symptoms; the longest duration was ten 
years. The most recent cases were treated 
with a low potassium diet, sodium chloride, 
vitamin C and Cortiron injections . — Clinical 


Findings in Addison’s Disease, 0. Helve, Act. 
Med. Scand., June, 1947, 128: 2S9. — (0. 
Pinner) 

Congenital Tuberculosis. — ^In a previous 
communication, the authors reported the case 
of a 17-day-old infant who died of tuberculosis 
which was thought to have resulted from 
aspiration of infected amniotic fluid. The 
mother showed no signs of clinical tuberculosis, 
but the Mantoux was positive. Nine months 
later, she developed tuberculosis of one eye 
and then progressive pulmonary tuberculosis 
from which she eventually died. There was 
no autopsy. Thus, in her case, placental 
involvement was the first clinical manifesta- 
tion of hematogenous tuberculosis. — Aspira- 
tion Type of Congenital Tuberculosis: Further 
Communication, TF. Pagel & S. Hall, Tubercle, 
February, 1948, 29: 32. — (A. G. Cohen) 

Erythema Nodosum and Tuberculosis. — 
The relationship between erythema nodosum 
and tuberculosis is an unsettled question. 
Geographical factors are important. Ery- 
thema nodosum sometimes is found in lympho- 
granuloma venereum, sarcoidosis, pneumonia, 
syphilis and staphylococcus infections. It is 
evident that under European conditions the 
principal causes are tuberculosis and hemolytic 
streptococcus infections. The relative im- 
portance of the two factors varies from one 
coimtry to another. Eecent work in Sweden 
on 178 cases of erythema nodosum in adults 
showed only 58.4 per cent to be tuberculous, 
while at least 16.9 per cent were due to hemo- 
lytic streptococcus and the remainder to un- 
known factors. The author analyzes his own 
material in Norway from 1937 to 1947. In 
these cases, 50.5 per cent occurred between 
the ages of 16 and 30. He wonders if there is 
not a predisposition in this particular age 
group. The tendency to appear in certain 
families is noted. All patients were examined 
by the Pirquet test; if this was negative, a 
Mantoux was done. By this means, 86.5 
per cent were found positive to the Pirquet, 
with an additional 2.5 per cent positive to 
Mantoux. A conversion of tuberculin test 
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from negative to positive was found in 29 per 
cent. Tubercle bacilli were found in gastric 
contents in 57 cases; with an additional case of 
piimarj' tuberculosis of the urogenital tract, 
there was a total of 58 cases or 29 per cent with 
proved primary tuberculous infection. In ad- 
dition, primary tuberculosis is highl 3 ' probable 
(I) when tuberculin conversion (less than two 
3 'ears between last negative and first positive) 
is found, together with a roentgenogram char- 
acteristic of priraarj'' tuberculosis, (2) when a 
vesicular Pirquet reaction is combined with a 
characteristic roentgenogram, and (S) when a 
vesicular Pirquet reaction is foimd in children 
under 5 j'ears of age. These criteria were ful- 
filled in 52 cases (26 per cent). Tims, there 
were 55 per cent in wliich tuberculosis was 
certain or highfy probable. Primarj’ tuber- 
culous infection also is probable m cases show- 
ing coversion of tuberculin reaction but with a 
negative roentgenogram. This was found in 
18 cases (9 per cent), making a total of 64 per 
cent in w’hich tuberculosis may be considered 
certain or probable. In 12 cases (6 per cent), 
there was weighty clinical and/or bacterio- 
logical or serological endence of streptococcus 
infection. In 4 of these, sulpha drugs seem to 
have been the cause. On 7 occasions, 
erythema, nodosum appe.ared during pneu- 
monia, on 5 occasions during rheumatic fever 
and 6 times during nontuberculous lular adeni- 
tis. Thus, there was positive e\’idence of non- 
tuberculous etiology in 15 per cent. Of the 
remaining 38 cases, tuberculosis could be defi- 
nitely excluded in 22. Thus, in 52 cases (26 
per cent) there was overwhelming evidence 
of a nontuberculous etiologj'. The author 
concludes that not more than two-thirds of 
cases of erythema nodosum are due to tuber- 
culosis. Still, every' tuberculin-positive case 
with erythema nodosum must be treated for 
tuberculosis unless a thorough examination 
can rule this out. The best guide to an etio- 
logical diagnosis seems to be a vesicular Pir- 
quet reaction. Affections of the eye were 
found in 5.5 per cent. The importance of epi- 
scleritis in the diagnoses of tuberculosis is 
stressed. Of 44 electrocardiograms, 41 were 
normal . — Further Investigations Concerning the 


Relation between Erythema Nodosum and 
Tvbcrcttlosis, H. J. Ustvedt, Tubercle, Decem- 
ber, 1947, 28: S47.~(A. G. Cohen) 

Examination of Sputum for Tubercle Bacilli. 
— Gastric lavage is an inconvenient method for 
obtaining material for bacteriologio e.xamina- 
tion. In 1941, the laiymgeal swab method 
w’as introduced. The report is a comparative 
study of the two methods. The patients were 
all known tuberculous cases who had become 
sputum free or had scanty sputum which was 
negative by smear and culture. In 58 pa- 
tients, a laryngeal swab was made on three 
successive days, while gastric lavage was done 
on the second day. In 115 patients, only one 
of each was done, while 20 patients had one 
gastric lavage and two swabs. All the ma- 
terial was cultured by methods which are 
described in detail. No direct smears were 
made. Better results were obtained with the 
gastric lavage than with only one swab; where 
there were three swabs, the results were better 
than with gastric larage. However, if three 
tubes were inoculated with the same gjistric 
washings, better results were obtained than 
from three larymgeal swabs. The swab is pref- 
erable because it is less unpleasant for the pa- 
tient, creates less work for the nurse and is 
easier for the laboratory to handle, — Examina- 
tion for Tubercle Bacilli by Gastric Lavage and 
by Laryngeal Swab: A Comparative Study, H. 
G. Hounsloiv (fc G. Usher, Tuberde, February, 
1948,29:27.— {A. G. Cohen) 

Dubos’ Medium for culture of M. tuberculo- 
sis. — ^Tlie use of a mild reagent (2.5 per cent 
solution of ammonium carbonate) for homog- 
enization and concentration of tuberculous 
sputa and the addition of penicillin (0.05 to 2 
units per ml.) to the culture medium permitted 
the successful application of Dubos’ medium to 
the routine culture of M. tuberculosis from spu- 
tum. Of 400 e.xammed sputa, 34 (8.5 per 
cent) were positive by culture method and 
negative by' microscopic e.xamination. The 
use of Dubos’ medium offers the advantage of 
a rapid (within eight to fifteen days) culture 
diagnosis of sputa containing relatively small 
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1:6.4 X 10®. Activity in vtlro decreases with 
increasing size of the inoculum and with in- 
creasing aciditj' of the medium; it is little af- 
fected bj' the presence of serum. Licheniformin 
is moderately to.\ic for mice, high dosages caus- 
ing death and repeated smaller doses causing 
damage to the Iddnej'S. — Licheniformin, an 
Antibiotic Substance from Bacillus Licheni- 
formis, Active against Mycobacterium Tuberculo- 
sis, R. K. Callow, R. E. Glover, P. Darcy Hart 
& G. M. Mills, Brit. J. Exper. Path., December, 
1S47, 28: — (iff. J. Henderson) 

Antibiotic Activity of Actinomycetes. — ^This 
paper reports three agar plate methods (the 
cross-streak, the C3'lmder plate and the streak 
plate) and the various media wliich have been 
used to select actinomj'cetes with antibiotic 
properties, and to test filtrates and concen- 
trates derived from these. The streak plate 
method with virulent human tubercle bacillus 
(H37Rv) is useful as a relativelj' rapid pro- 
cedure for screening cultures in the search for 
new antibiotics. If a streptomjxin-resistant 
strain of H37Rv is also streaked on the plate, 
antibiotics bearing a relationsliip to Strepto- 
mj’-ces griseus maj^ be detected. A smooth 
opaque laj’er of growth ma}^ be obtained b3'’ 
seeding pour plates with H37Rv. Filtrates 
and concentrates in cups will give inhibition 
zones, though quantitative measurements are 
difficult to make because tlie zones are not al- 
wa3's sharply defined. Pom’ plates, seeded 
with tubercle bacilli and streaked with actino- 
m3-cetes, are useful in the search for cultures 
with tuberculostatic properties. The plates 
ma3'^ be seeded with H37Rv or with H37RvR 
(resistant to streptom3'cm) and cross-streaked 
with various strains of actinomyxetes. The 
avirulent, rapidly' growing strain 607 is not 
suitable for tliis purpose, since some strains of 
actinomycetes which inhibit the airulent 
H37Rv strain do not inhibit, under the same 
conditions, strain 607. — Plate Methods for 
Testing Antibiotic Activity of Actinomycetes 
against Yindent Human Type Tubercle 
Bacilli, E. H. Willislon, P. Zia-Wdrath & 
G. P. Yovmans, J. Bad., November, 1947, 54: 
563.— (F. G. Petrih) 


Promin in Experimental Tuberculosis. — 
Eight groups of guinea pigs, consisting of 12 
animals each, were utilized. Each animal was 
inoculated with 0.1 mg. of the human t3’pe of 
tubercle bacilli (H37Rv). Twenty-si.\' day^ 
later, treatment of seven of the groups was 
started; the eighth group remained untreated 
for control. One group received promin 
orally', five groups received rariable doses 
of promin subcutaneously and one group 
received streptomycin. Treatment was con- 
tinued for seventy'-sbc days and the e.\peri- 
ment was terminated 102 day's after the ani- 
mals had been inoculated with the bacilli. 
Results indicated tliat promin given subcu- 
taneously to tuberculous guinea pigs is fully' as 
effective in its antituberculosis action as the 
same dose of promin given orally'. The paren- 
teral administration of promin did not, in 
guinea pigs, preclude the development of blood 
dy'scrasia. — Promin in Experimental Tuber- 
culosis: Antiiubcrculosis Effeds of Sodium 
P , P'-Diaminodiphenylsulfone-N,N'-<lidcxtrose 
Sulfonate (Promin) Administered Subcutane- 
ously (A Preliminary Report), TT. H. Feld- 
man, A. G. Karlson & H. C. Hinshaw, Proc. 
Staff Med., Mayo Clin., March S, 194S, 23: 
11S.—(P. Q. Edwards) 

Effect of Penicillin on Tubercle Bacillus. — 
A virulent strain of tubercle bacillus, H37Rv, 
undergoes partial ly’sis in the presence of high 
concentrations of penicillin. Small inocula of 
tubercle bacilli are highly' susceptible to con- 
centrations of penicillin as low as 1 unit per 
cc. in the Tween-albumin medium, whereas 
100 units per cc. causes no inliibition of growth 
in the oleic acid albumin medium. Pre- 
liminary' axperiments indicate that, in both 
the solid and liquid oleic acid albumin medium, 
penicillin in concentrations of SO to 100 units 
per cc. may' prove a valuable adjunct in cul- 
turing tubercle bacilli from contaminated ma- 
terials. — Effcd of Penicillin on the Tuberde 
Bacillus in vitro, IF. M. M. Kirby tSb R. J- 
Ditbos, Proc. Soc. Exper. Biol. <£• Med., Octo- 
ber, 1947, 66: 1S0.—{F. B. Seibert) 



ABSTRACTS 


31 


Enhancement of Penicillin Blood Levels. — 
This report illustrates the capacity of orally 
administered caronamide (“Staticin” — Sharp 
and Dohme, Inc.) to effectively increase peni- 
cillin blood levels in a group of patients where 
excessively high levels are essential for cure, 
t.e., subacute bacterial endocarditis. It has 
been shown that the excretion of penicillin by 
the renal tubular transport mechanism could 
be physiologically inhibited by caronamide. 
It is thought that the basis for this effect is 
one of competition between penicillin, which 
is e.xcreted by the tubules, and caronamide, 
which is essentially refractory to excretion by 
that means. Caronamide was given orally in 
2 or 3 gm. doses every four hours and the peni- 
cillin was administered intravenously with 
heparin. Accepting the dosage of 3 gm. every 
four hours as standard, the minimum increase 
over control blood levels was twofold and the 
maximum increase was sevenfold. No side 
effects of any consequence were noted. — En- 
hancement of Penicillin Blood Levels following 
Oral Administraiion of Caronamide, L. Loewe, 
H. B. Eiber, E. AUur-Werber, Science, No- 
vember 21, 1947 , 106: 494 . — (.E. A. Rouff) 

Coupled Sulphanilamlde Derivatives. — ^The 
sulphonamides examined were sulphanilamide, 
sulphapyridine, sulphathiazole, and sulpha- 
methylthiazole. They were coupled to 2- 
methyl-1,4 napthoquinone. These were dis- 
solved in various concentrations in Lowenstein 
medium. Human tubercle bacilli strain No. 
1354 in suspensions of 0.05 ml. containing 30 
to 60 bacilli were employed for inoculation. 
Tubes were incubated at 37° C. All four sul- 
phanilamides have a bacteriostatic effect; sul- 
phathiazole and sulphamethylthiazole were 
most effective. The coupled compounds were 
the less effective. After serial subculturing it 
was shown that the sensitivity to the respec- 
tive drugs was not changed. In the presence 
of sulphathiazolemethyl-naphthoquinone, the 
bacilli became longer and broader, were more 
diphtheroid, were colored more intensively, 
and contained greater amounts of nonacid- 
fast material. Under the electron microscope, 
it|was seen that the bacilli were less dense and 


characterised by clubbed ends and smaller 
granules. They were much broader, and the 
central denser part was surrounded by a wide, 
capsule-like external zone. These changes 
appeared to be of an involutionary nature. 
These experiments seem to support the con- 
ception that the compounds of methyl-naph- 
thoquinone play a special role in the develop- 
ment of the morphological changes. — The 
Effect on Tubercle Bacilli of Sulphanilamide 
Derivatives Coupled to Methyl- Naphthoquinone, 
A. Oronwall & B. Zetterberg, Upsala lakaref. 
fork., J une SO, 1947, p. 199 . — (22. W. Clarke) 

Para-Amlnosallcycllc Acid in Tuberculosis. 
— Of a series of benzoic and salicyclic acid 
derivatives, para-aminosalicylic acid was 
found to have the most active bacteriostatic 
action on tubercle bacilli. It is relatively 
nontoxic to animals. The optimum dosage 
for humans is thought to be 80 to 140 gm. per 
week, given orally. A total of 19 cases of 
tuberculosis were treated. All had pulmonary 
involvement, but only 6 were treated for those 
lesions per se. In the pulmonary series, all 
of which were active cases, the temperature 
and sedimentation rate fell within a few days. 
This improvement was maintained unless 
treatment was stopped. More slowly, there 
appeared a fall in pulse rate, an increase in 
weight and a decrease in the amount of spu- 
tum. There was roentgenographic improve- 
ment, particularly noteworthy being a de- 
crease in the size of cavities. In one case of 
renal tuberculosis, no tubercle bacilli could 
be found in the urine after the twelfth day; by 
the eleventh week, the urine was free of al- 
bumen, pus and blood. In one case of tuber- 
culous meningitis, oral medication was sup- 
plemented by 2 intrathecal injections each of 
0.5 gm. of the drugin 5 per cent solution. The 
meningitic symptoms improved but the pa- 
tient died of pulmonary tuberculosis. In one 
case of intestinal tuberculosis, there was 
symptomatic improvement. In one case 
treated by Monaldi drainage, introduction of 
the drug into the cavity resulted in diminution 
of the amount of discharge. In 9 cases of 
tuberculous empyema, including 3 with e.x- 
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ternal sinuses, the oral medication was supple- 
mented by weekly intrapleural administration 
of 1.5 to 3.0 gm. of the drug as a 10 per cent so- 
lution in distilled water. This treatment gave 
rapid and striking results. — Para-Amino- 
salicylic Acid in Tuberculosis, T. G. Dempsey 
c& ilf. H, Logg, Lancet, December IS, 1947, 
2:871. — {A. G. Cohen) 

Tuberculostatic Action of Parn-Amino- 
salicyUc Acid. — ^Lehman fmmd that PAS was 
bacteriostatic in a concentration of 0.15 mg. 
per 100 ml. for BCG, that it e.\erted a 
favorable effect on clinical tuberculosis and 
that some retardation of e.xperimental tuber- 
culosis of guinea pigs could be effected after 
seven day’s of treatment with PAS. You- 
mans reported that PAS was highly bacterio- 
static for 12 virulent strains of human ty^pe 
tubercle bacilli and e.xerted a suppressive ac- 
tion on e.xperimental tuberculosis in mice. 
The present paper deals with further work on 
the tuberculostatic actraty of p-aminosalicylic 
acid both in vitro and in vivo. This was tested 
in vUro by determining the feast amount which 
would completely inhibit the subsurface 
growth of 0.01 mg. of tubercle bacilli per ml. 
of symthetic medium with and without 10 per 
cent bovine serum. The human type strains 
had been isolated within the preceding y^ear 
and a half, with the exception of the standard 
H37Rv strain. In addition one stock bovine 
and one avian strain, as well as the avirulent 
rapidly growing strain no. 607, were used. 
SLx of the human type strains were strepto- 
mycin-resistant. The effect of PAS in vivo 
was determined by infecting mice intraven- 
ously with 0.1 mg. of tlie H37Ilv strain. PAS 
was incorporated in the desired concentration 
in the mouse diet. The mice were fed the 
diets containing PAS for tw'enty-eight days, 
starting the day before infection with tubercle 
bacilli. The results show that all of the 
strains e.vcept no. 607 were inhibited by very 
low concentrations of PAS. There was no 
significant difference between the results ob- 
tained with the streptomycin-sensitive and 
resistant strains. The a-vian strain seemed to 
be slightly more resistant to the bacteriostatic 
activity of PAS. The bacteriostatic acthity 


was partially reversed by' para-aminobenzoic 
acid but was not reversed by' sodium salicy- 
late. The bacteriostatic actimty of PAS was 
inversely proportional to the number of or- 
ganisms present in the medium. Thirteen 
deriratives of PAS and salicy'lic acid were 
found to be much less tuberculostatic than 
PAS. E.\perimental tuberculosis of mice was 
suppressed by' para-aminosalicy'lic acid when it 
was administered in the diet in 1 and 2 per 
cent concentrations. Under the conditions 
of the e.xperiment 4 per cent PAS was highly 
to.\ic for mice. PAS and streptomycin when 
administered to mice simultaneously' appeared 
to e.xert a suppressive effect on the tuberculous 
process greater than that of either substance 
alone. As the effect appears to be no more 
than additive, the implications in the treat- 
ment of clinical tuberculosis are obvious. — The 
Tuberculostatic Action of Para-Aminosalicylic 
Acid, G. P. Youinans, G. W. Raleigh & A. S. 
Youmans, J. Bad., October, 1947, Si: 409 . — 
(F. G. Pelrik) 

Tuberculostatic Action of AlicycUc Com- 
poimd Derivatives. — ^The 3-n-amylcyclopen- 
tane-carboxy'lic acid mono-ester of sodium 
i3-glycerophosphate was found to be half as ef- 
fective as the S-n-amylcyclopentane-carbox- 
ylic acid di-ester of sodium /3-glycerophosphate 
in causing inhibition of growth of the tubercle 
bacillus (Strain A 27) in vitro, as well as in its 
tuberculostatic effect on the chorio-allantoic 
membrane of the chick embry'o. Both sub- 
stances were similar to the parent substance, 
sodium 3-n-amyl-cy'clopentane-carboxylate, in 
their toxicity for the chick embry'o. In wliite 
mice, all 3 compounds had a narcotic effect 
and produced hemorrhages at the site of 
injection. — Tubercnhstatic Action of Two De- 
rivatives of the AlicycUc Compound, S-n-Amyl 
Cyclopentane-Carboxylic Acid, E. IF. Em- 
mart, Proc. Soc., Ezper. Biol. & Med., June, 
1947, 65: 156.— {F. B. Seibert) 

Chemotherapy of Experimental Tuberculo- 
sis. — A new class of highly' tuberculostatic 
agents of low to.xicity is described. This 
group comprises many' 2,6-Eubstituted deriva- 
tives of benzothiazole. Several of these 
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derivatives are active therapeutic agents in 
guinea pig tuberculosis. Structure-activity 
relations and possible modes of action are dis- 
cussed. — Chcmolherapy of Experimental Tu- 
berculosis with Bemothiazole Derivatives, 
B. L. Freedlandcr & F. A. French, Proc. Soc. 
Exper. Biol. & Med., November, 1947, 66: S6S. 
— {F. B. Seibert) 

Chemotherapy in Tuberculosis. — ^Using the 
medium of Dubos and Davis, 19 compounds 


were tested in vitro. Only 4 showed sufiScient 
activity to warrant further investigation. 
Compound 2-butoxy-5-amino-pyridine sodium 
formaldehyde bisulfite was found to be ineffec- 
tive in the treatment of e.xperimental tubercu- 
losis in mice and guinea pigs. — Chemotherapy 
of Tuberculosis: 111. In vitro and in vivo Activi- 
ties of Various Compounds, C. J. Duca, R. D. 
Williams, & J. V. Scudi, Proc. Soc. Exper. 
Biol. & Med., February, 1948, 67; 159. — (F. 5. 
Seibert) 
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planned. Hence, as far as these particular antibiotics are concerned, the present 
paper will consider onlj’- in vitro studies. 

IN VITRO STUDIES 

In recognition of the marked effects that test conditions have on the actiidties 
of both streptomj’-cin (8) and mannosidostreptomj’-cin (2), efforts have been made 
to establish rigorous conditions of standardization of all in vitro tests. 

TABLE 1 

In vitro activities of pure streptomycins against various organisms 


immiAi. iVHiBrnKG concentration* 


TEST ORGANISM 

Streptomycin 

Dihydro- 

streptomycin 

Mannosido- 

streptomj’cin 

Dihydroman* 

nosidostrep- 

tomycin 


vs/mJ. 

vs/ml. 

vs/nil. 

pr/ffli. 

Klebsiella pneumoniae (ATCC 9997) 

1.76 

1.76 

6.39 

6.59 

Aerobacter aerogenes (ATCC 129) 

2.71 

3.27 

10.8 

11.1 

Escherichia coli, D 56 

6.05 

6.79 

24.8 

23.8 

Salmonella schottmulleri 

10.1 

36.5 

14.3 

14.4 

Salmonella typhosa 

12.2 

51.0 

12.4 

12.9 

Staphylococcus aureus 209P 

0.S2S 

1.39 

5.64 

7.77 

Brucella abortus (Huddleson 1119 avirulent) . . 

0.816 

0.738 

2.93 

2.53 

Mycobacterium tuberculosis 

Streptococcus pyogenes, C203 

11.7 

15.9 

82.9 

87.9 

H37Rv 

2.0 

2.2 

5.5 

6.5 

Ravenel 

0.58 

0.62 

2.5 

2.2 

BCG 

0.52 

0.55 

1.9 

1.7 

N.t 

0.54 

0.56 

2.5 

2.1 

T.t 

0.55 

0.54 

2.2 

2.0 

P.t 

0.62 

. 0.S5 

2.3 

2.2 

O’D.t 

0.63 

0.75 

2.3 

2.6 

K.t 

1.0 

1.7 

3.9 

3.9 


* All figures are given in terms of weight of the trih 3 '-drochlorides. On the basis of assaj's 
with K. pneumoniae, the streptomj'cin and dihj^drostreptomycin would have an activitj' 
of 820 units per mg., the mannosidostreptomycin an activity of 236 units per mg., and the 
dihydromannosidostreptom 5 'cin 228 units per mg. 

t Strains of M. tuberculosis freshly isolated from human cases. 

A uniform preparation of yeast beef broth was employed as the test medium for 11a 
test organisms which grow readily in it. (This group included the first seven species 
listed in table 1.) For the Streptococcus pyogenes (C203) 0.05 per cent bovine albumin- 
Frackin V was added to this same yeast beef broth. All strains of ilf. tuberculosis were 
tested in a modified Kirchner’s medium (2) containing Tween SO and bovine serum 
albiunin, fraction V. The test procedure for all organisms other than the various strains 
of ilf. tuberculosis was essentially that described earlier (9). Precise end points with 
the latter organisms cannot be obtained in a broth dilution test having 12 per cent di- 
lution steps. Therefore, for all strains of this species the volumes of antibiotic solution 
were added to give 25 per cent dilution steps. 

For each species or strain of organism, therefore, test conditions were uniform 
for aU four streptomycins, and horizontal comparisons in table 1 are permissible. 
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Conversely, in attempting to make perpendicular comparisons, that is compari- 
son of the sensitivity of one species with another, due consideration must be taken 
of any differences in test conditions. The test medium used for the Mycobacteria, 
for instance, is of relatively simple synthetic composition and undoubtedly con- 
tains less substances capable of interfering with streptomycin action than does 
yeast beef broth. 

As has been reported previously (1), against some organisms dihydrostrep- 
tomycin is less active than streptomycin. In no case is it more active. Marked 
examples of lesser activity shown in table 1 are Salmonella schottmulleri and 
Salmonella iyphosa. These two species are remarkable from another standpoint 
also. For all other species tested mannosidostreptomycin has only a fraction of 
the activity of streptomycin, while for the latter two species the tivo compounds 
are essentially equal in activity. 

It will be noted that for most of the strains of M. tiiberculosis tested there is 
little difference between the in vitro activities of streptomycin and its dihydro 
derivative. The one exception is the strain labeled “K" where the latter com- 
pound, while still having an activity of high order, is nevertheless less active than 
the parent compound. All figures in the table are based on repeated deter- 
minations, ranging from a minimum of 8 tests to as many as 25 depending upon 
how well replicates checked. In the case of the “K” strain 18 to 22 tests were run 
on each compound and statistical analysis of the results indicates that the differ- 
ence between the activities of the two compounds is highly significant. 

In comparing marmosidostreptomycin with its dihydro derivative it is inter- 
esting that no case has been found as yet comparable to the differences in re- 
sponse shovm by S. schottmulleri and S. typhosa to streptomycin and dihydro- 
streptom 3 ’’cin. Staphylococcus aureus 209P is apparently slightly less sensitive 
to dihydromannosidostreptomj'cin, but for all other organisms tested the two 
closely related compounds are equally active. The possibility was recognized 
early that dihydrostreptomycin might be converted to streptomycin before acting 
as an antibiotic (1) but, although confirmation of this has been claimed (10), 
clear-cut proof has never been obtained and all the e\'idence in fact has been 
against such a conversion. In this connection, the observation of Tompsett 
(11) that individuals sensitive to streptomycin are not sensitive to equivalent 
amounts of dihydrostreptomycin would appear to be significant. In the present 
instance, if conversion occurs, it is difficult to explain why dihydromannosido- 
streptomycin is as active as mannosidostreptomj'cin against S. iyphosa and S. 
schottmulleri, while dibydrostreptomj’^cin is so much less active for these tivo 
organisms than is its parent compound. 

IN VIVO STUDIES 

As alreadj indicated, it has not j’ct been possible to complete in vivo studies 
with mannosidostreptomycin and dihj-dromannosidostreptoraj'cin. The present 
report will therefore limit itself to certain preliminar 3 ' results obtained with pure 
streptomycin and dih3’drostreptora\'cin. 
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Absorpiion and Excretion of Pure Streptomycin Trihydrochloride and its 
Dihydro Derivative in Mice 

In an earlier paper (1) it \ras reported that the absorption-excretion rates of 
streptomycin and dihydrostreptomycin are very similar, at least for pai-tially 
purified materials. This has now been confirmed Avith the pure entities, as may 
be seen in figure 1. A single subcutaneous dose of 2.5 mg. of pure trihydro- 
chloride (approximately 102,000 units per kg.) Avas administered in each case 



Fig. 1. Comparison of absorption excretion of pure trihydrochlorides of streptomycin 
and dihydrostreptomycin in mice. 


and blood and urine handled in the manner described preAdously (1). Overall 
recoverj’- of the antibiotics in the urine was betAA'een 30 and 40 per cent of the dose 
administered Avhich is Arithin the broad range of recovery reported earlier (1, 12). 

In the case of streptomj’^cin the first blood samples AA’ere obtained Avithin one 
half hour after injection and the pooled serum sample showed an actmty of al- 
most 90 units per ml. One hour after injection the serum leA'el had dropped to 
approximately 21 units per ml. The first dihj’-drostreptomycin serum samples 
AA'ere not obtained until fifty minutes after injection and contained 22 units per 


In Urine Percent P'Ml^t i ve . L xgrgti Qp 

Total Excreted 
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ml., wluoli agrco.s witli the one hour figure for streptomycin. The one and one- 
half hour scnini sample.s in both c.ases contained approximately 6 units of anti- 
biotic per ml. and during the ne.xt hour dropped to 2 or lc.ss units per ml. 

Of the total amounts of antiliiotics rccovcrcrl in the urine, in both casc.s 52 to 
5S per cent appeared during the first half hour, SO t o SI per cent in one hour, and 
01 to 04 per cent within one and one-half hours. 

Acute Toxicxly in Mice 

The acute toxicitic.s of jiure streptomycin trihydrochloride and the corre- 
sponding dihydro compound, a,s shown by subcutaneous inoculation into mice, 
are very* similar. Both cause severe shock and cyanosis at doses of 1,500 mg. 
per kg. (1,230,000 units per kg.) or more and a high percentage of deaths at doses 
slightly beyond this point. A tj^ical e.vpcrimcnt showing this is given in table 


TABLE 2 

Comparison of acute (oxictCics of the Irihpdrochlorides of pure strepiomycin and 

dihydfoslrcptomycin * 


coifroc>*D 

DOET-t 

ueVco. 

lUUCDtATi: ETrtCTS 

OEATCS 

WITWIN' 

24 BOUVS 

Streptomycin trihydrochloride 

842 

Slight to Hovero shock 

i/m 

Strepiomycin trihvdrochloride 

i 1,000 1 

Severe shock 

1/15 

Streptomvein trihvdrochloride 

1,530 1 

Severe shock 

12/15 

Streptomycin trihydrochloride 

! 2,000 i 

Severe shock 

13/15 

Dihydro.strcptomycin trihydrochlorido. 

: 1,005 

Slight to moderate shock 

2/20 

Dihydrostrcptomj'cin triliydrochlorido. 

1,500 

Severe shock 

6/20 

Dihydrostrcplomycin trihydrochloride. 

1,923 

Severe shock 

16/20 


* Dose; 0.6 ml. of given solution, subcutaneously, 
t To convert to units per kg. multiply by 820. 
t Number dying/number injected. 


2. Here the Ld 50 of the trihydrochloride of streptomycin was 1440 ±116 mg. 
per kg., and that of dihydrostreptomycin was 1600 ± 108 mg. per kg. (equiv- 
alent to 1,180,000 and 1,310,000 units per kg., respectively). In an earlier 
paper (1) it has been shomi that the acute intravenous toxicity of impure prepa- 
rations of the two antibiotics in mice is essentially similar. 

Comparalive Therapeutic Action in Experimental Tuberculosis in Mice 

A complete description of the standardized experimental infection of mice vnth 
M. hiberculosis (Ravenel) employed in this laboratory ■yvill appear in a later 
publication (13). For the present let it suffice to say that vdth properly chosen 
strain of organism and mouse it has been possible to obtain remarkably uniform 
results with this infection. In the experiment described here the doses of anti- 
biotics employed were chosen, on the basis of previous experience, so that the 
lowest level of streptomycin used would give a therapeutic response just per- 
ceptible within a thirty day period. Only at such minimal levels, it was felt, 
would differences between streptomycin and dihydrostreptomycin be noted. 
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In a typical experiment a standard strain of mice CF 1 were inoculated intra- 
venouslj’’ with a standardized inoculum of ilf . htbercitlosis (Eavenel) grown in a 
simple medium containing Tu’een 80 and albumin. On the day of inoculation, 
treatment was started with streptom 3 'cin or dih 5 ’^drostreptom 5 ’'cin, the mice 
receiving a single subcutaneous injection daily for tAventy-one da 3 ’'s. A group of 
untreated mice, and four groups treated with p-aminosalicylic acid at four levels 
in the diet for twenty-one days, were included for comparison. The results of 
this experiment are siunmarized in table 3. 

TABLE 3 


Conifarison of streptomycin and dihydrostreptomycin in treatment of experimental tuberculosis 

in the mouse 


TREATMENT 

NUMBES OF MICE 

DEAD/rOTAl* 

Ust 

INCREASE IN TiO, 
PER CENT 

None 

14 

14/14 

22.3 


Streptomycin 





6,600 units/kg 

10 

10/10 

26.0 

16.6 

10,000 units/kg 

10 

10/10 

2S.0 

25.S 

15,000 units/kg 

10 

7/10 

33.0 

47.5 

22,500 units/kg 

10 

2/10 

35.0 

>57.0 

Dihydrostreptomycin 



1 


1 6,600 units/kg i 

10 


27.2 

22.0 

10,000 units/kg 

10 


28.0 

25.8 

15,000 unitsAe 

10 

S/IO 

29.0 

30.0 

22,500 units/kg 

9 

5/9 

33.1 

48.4 

P.A.S. 





0.2 per cent in diet 

10 

10/10 

24.0 

7.6 

0.375 per cent in diet 

10 

10/10 

25.0 

11.7 

0.75 per cent in diet 

10 

10/10 

28.0 

25.8 

1.0 per cent in diet 

10 

7/10 

30.0 

35.0 


* Based on mice dead on 34th daj'. 
t tto = Estimated 50 per cent survival time. 


On the basis of prolongation of the 50 per cent survival time (tso), PAS. at 
0.75 per cent in the diet 3 'ielded the same response as streptom 3 ’-cin and dih 3 ’-dro- 
streptom 3 '-cin given in a single, subcutaneous, injection daity at 10,000 units per 
kg. In the present test at 6,600 and 10,000 units per kg. daily, streptomycin 
and dih 3 ’^drostreptom 3 ''cin Avere equiA’alent to each other. At 15,000 and 22,500 
imits per kg. the prolongation of life in the case of streptom 3 ’-cin was slightly 
greater than that of dih 3 ’’drostreptom 3 'cin, but in other similar tests the reA’-erse 
of this picture has been found. A consideration of all the available data indi- 
cates no difference in the effect of streptom 3 'cin and dihydrostreptomycin on 
infections AA*ith the Ravenel strain in mice. 

The therapeutic efficacies of Btreptom 3 ’'cin and dih 3 'drostreptomycin haA'c also 
been compared in standardized axperimental acute infections in mice. Thus, 
against appro.ximately 1,000 lethal doses of S. schoiimfiUcri, strcptoni 3 'cin gave 
a'cDso of 11,320 imifs per kg. and dih 3 'drostreptom 3 'cin a CD6o of 21,730 units 
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per kg, (based on 20 mice at eack of 4 dose levels). Against approximately 
600 lethal doses of Streptococcus pyogenes C-203, the CDeo for streptomycin was 
ca. 80,000 units per kg. while for the dihydro compound was 77,000 units per kg. 

It is interesting to note that against S. schottmuUeri infections in mice, dihy- 
drostreptomycin was more effective, relative to streptomycin, than would be 
expected from in vitro data (table 1), where the latter was 3.6 times as active as 
the former against this organism. 

DISCUSSION 

The results of these further studies on different streptomycins and dihydro- 
streptomycins serve to confirm the essential similarities in the biological behavior 
of the dihydrostreptoraycins to the streptomycins from which they have been 
derived. The similarities already established have been referred to in the intro- 
duction to the present paper. The present studies emphasize the fact that only 
in the in vitro tests have any significant differences been uncovered. As far as 
pathogens are concerned only the two gram negative bacteria, S. schottmuUeri 
and S. typhosa, of those species studied so far have shoivn any marked difference 
in regard to their sensitivity to dih 3 '-drostreptomycin as compared to streptomycin 
itself. As pointed out, even vdth these organisms there is no difference when the 
sensitivity to mannosidostreptomyein and dihydromannosidostreptomycin is 
considered. Further studies on the absorption, excretion and acute toxicity of 
pure materials has shoum how similar these are for dihydrostreptomycin and 
streptomycin itself. Finally, in vivo tests using a highly standardized tubercu- 
losis infection in mice have not revealed significant differences in response when 
the variation between doses used has been in 50 per cent increments. In none 
of these laboratory studies has dihydrostreptomycin proved superior to strep- 
tomycin itseff but from the results obtained it would seem probable that amongst 
those pathogenic organisms so far investigated, only members of the Salmonella 
group could be expected to show appreciable difference in response to therapy 
with these two antibiotics. 


SUMMARY 

Pm-e preparations of streptomycin (streptomycin A), dihydrostreptomycin 
(dihydrostreptomycin A), mannosidostreptomyein (streptomycin B), and dihy- 
dromaimosidostreptomycin (dihydrostreptomycin B) have been compared. In 
accord with previously published data, it has been found that dihydrostrepto- 
mycin has biological properties closely resembling those shown by the parent 
streptomycin species. Only with the in vitro test, and there particularly with 
members of the genus Salmonella, have any striking differences been found be- 
tween dihydrostreptomycin and streptomycin itself. It seems probable that 
in vivo differences between dihydrostreptomycin and streptomycin would be 
found only with Salmonella infections of those pathogens so far tested. 

In vivo tests using a highly standardized tuberculosis infection in mice have 
not revealed significant differences in response when the variation between the 
doses used has been in 50 per cent increments. 
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STOIARIO 

Nucvos Bstvdios soire la Dihidroestrepiomicma 

A1 comparar preparaciones puras de esfcreptomicina (estreptomicina A), di- 
hidroestreptomicina (dihidroestreptomicina A), manosidoestreptomicina fes- 
treptomicina B) y dihidromanosidoestreptomicina (dihidroestreptomicina B), 
descubridse que, de acuerdo con datos previamente publicados, la dihidroestrep- 
tomicina posee propiedades bioldgicas intimamente parecidas a las reveladas por 
la especie matriz: la estreptomicina. S61o en los ensajms in vitro, y en ellos en 
particular con los miembros del gdnero Sahnojiella, observaronse diferencias 
notables entre la dihidroestreptomicina y la estreptomicina misma. Parece 
probable que, entre los gdrmenea patdgenos comprobados hasta ahora, solo se 
descubrirlan diferencias in vivo entre las dos drogas en las infecciones por Sal- 
monella. 
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AN EXPERIMENTAL EVALUATION OF DIHYDRO STREPTOMYCINi 


A. O. EDISON, B. M. FROST, O. E. GRAESSLE, J. E. HAWKINS, JR., 

S. KUNA, C. W. MUSHETT, R. H. SILBER, .vnd M. SOLOTOROVSKY 

INTRODtJCTION 

Despite the increased understanding of the proper therapeutic use of strep- 
tomycin in tuberculosis and the high purity of the preparations now available, 
the incidence of disturbances of vestibular function in patients receiving long 
courses of treatment is still sufficiently great to warrant a continuing search for 
equally effective but less neurotoxic agents. Dihydrostreptomycin, prepared 
by the catalytic hj'^drogenation of streptomycin and first described by Peck, 
Hoffhine and Folkers (1) and by Bartz el al. (3), appears to fidfill these require- 
ments. The present studies show that its antimicrobial efficacy against M. 
tuherGidosis is equal to that of streptomycin, while its neurotoxic action in ani- 
mals is significantly less than that of the parent substance, 

OBSERVATIONS 

Materials: Three samples of crystalline dihydrostreptomycin- and two of 
crystalline streptomycin calcium chloride complex were used in this investigation. 
The specifications of the various samples* are sho^vn in table 1. 

Efficacy: Dihydrostreptomycin and streptomycin showed closely comparable 
activity on a weight for weight basis against the tubercle bacillus of both human 
(H37Rv) and avian types in vitro. In vivo they were equally effective against 
avian tuberculosis in chicks. Details of these studies will be reported elsewhere. 
No substantial differences were observed in mice infected with K. 'pneumoniae, 
D. pneumoniae I-S7, Staph, aureus SM or E. typhosa. (See also 2, 3). 

Bacterial resistance: Cultures of tubercle bacilli, resistant to streptom 3 ''cin, 
were also resistant to dihydrostreptomycin. Mice infected with streptomycin 
resistant cultures of S. Schottm'ullcri could not be protected bj’’ either streptomy- 
cin or dihydrostreptomycin. 

Neurotoxicity 

The toxic actions of dihydrostreptomycin and streptomycin on the nervous 
system were compared in cats (4, 5, 6). The drugs were given once daily by 
subcutaneous injection : dihydrostreptomycin in doses equivalent to 38, 77, 155 
and 200 mg. of base per kg. of body weight, and streptomycin in doses equivalent 
to 25, 50, 100 and 200 mg. of base per kg. The amounts of base were calculated 
from the molecular weights of the compounds and the purity of the preparations. 
Groups of 4 animals were employed at all dose levels but one, where 5 animals 
were used. Each cat was observed daily, and the number of days required for 

' From the Merck Institute for Therapeutic Research, Rahway, New Jersey. 

“ We are indebted to Dr. F. J. Wolf for preparing the crystalline dihydrostreptomycin 
used in this investigation. 

’ All were obtained from the Research Laboratories of Merck & Co., Inc., Rahwaj', New 
Jersey. 
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the development of ataxia, head oscillations and defective righting reflexes, 
the characteristic signs of disturbed vestibular function, was noted. 


TABLE 1 



PUKITY : e:stdiated 

STEEPTOilYON CONTENT 

I.V. TOXIOTE 


(by kqtatiqn) 

(by UAITOL ASSAY) 

L©sr— MICE 


Dihydrostreptomycin trihydrochloride (crystalline) 


7R3724 

92 per cent 

2.5 mcg./mg. (0.3 per cent) 

4.45 mg. 

SR2514 

95 per cent 

22mcg./mg. (2.5 per cent) 

3.52 mg. 

8R2g61 

95 per cent 

4 mcg./mg. (0.5 per cent) 

3.52 mg. 


Streptomycin calcium chloride conjplex (crystalline) 


7R9894 

87.5 per cent* 

675 mcg./mg. 

5.25 mg. 

SR1296 

87.5 per cent* 

GSO mcg./mg. 

5.26 mg. 


* > 95 per cent after allowance for volatile constituents. 



DAILY DOSE MG BASE PER KG BODY WEIGHT 

Fig. 1. Time of appearance of ataxia in cats treated irith dihydrostreptomycin or mth 
streptomycin. Each point represents one animal, e.xcept where shown otherwise by nu- 
merals. Arrows indicate absence of neurotoxic effects. 

In figure 1 the number of days of treatment required to produce ataxia is 
plotted as a function of the size of the dose employed. It is apparent from this 
graph that at all of the dose levels which produced intoxication, the onset of 
ataxia was longer delayed with dihydrostreptomj'-cin than with streptomycin. 
Neither streptom 5 'cin in a dose of 25 mg. per kg., nor dihj'drostrcptomycin in a 















Kxr'KtuMr.sTAi/ r.v.KUV.K’nos or mirvr>noPTiu:rTOMyciK 


']S9 

(kx<o of oS niR. j>pr kp., prodiicwl nny ntaxin or other sijrn of vcstihul/ir dis- 
furbraice dtirinp j)eriods of trentment l.'iKtjnp 122 and HJ days respectively. 
All >5 cats n'ceivirij^ .*:tn'ptomyciii in dopes of SO nig. jH'r leg. liccainc ataxic within 
2S to iS day.*!, while only one of the cats nrH-eiving dihydrosfrcptom\-cin in doses 
of T7 ing. jK-r hg. was at.axic after ol d.ny.s and 0 .still had a nomml gait, after 110 
days of tnxitment. 

In larger tloses dihydn:>streptoniycin pr<Khiced vestibular disturbance in all 
.animals tested, hut its onset was .significantly tlehm'd as compared with that 
caused by .streptomycin. 

In the .animals rci'eiving dow's of 200 nig. ix’r kg. (table 2) a more intensive 
study of the vestibular defwt was made by electrical recording of ny.st.agmus, a 

'iwni.i: 2 


tTTtctrr (Ctf,) 

CJLTSftvYtt ttr\Twirv ; 

I I Initial j Hnal 


Di}nalro!>tn‘ji'.or.iyfiii.aHCl sn2.'iJ ?— 200 .\tg/K}:/D.iy sut>ru(.aneoii.«Ij- for 30 clfty.i 



■27 


2,373 

2, -150 


2,3 

+ 

2.C.S0 

2,CC0 

l.OGa 

If. 


3. .310 

3, .385 

l.OTO 

21 

J. 

‘ 

2,175 

2,950 

Avrr.npf* 

2'^ 




Stirplomyctn-C.'iCl: SU12'>0 

—200 Mg/Kp/D.ay siihcutnnoously for 20 days 

1 .053 

12 


3 , 3.30 

3,125 

1 lOt'i" 

n 


2,315 

2,210 

1 .0'GS 

M 


2,. 323 

2,215 

1,071 


. , . . 

2.505 

2,0C0 

Average 

13 





procedure which permitted a quantitative evaluation of the loss of response 
occasioned by the drug. The individual cats were rotated on a motor-driven 
turntable at GO r.p.m. for 30 sec. in the clockwise direction; then, after 2 minutes 
of rest, for 30 sec. counterclockwise. Horizontal nystagmus was recorded con- 
tinuously during and after rotation by means of a Grass ink-ivriting oscillograph 
registering the variation in comco-retinal potential between two solder-disc 
electrodes in contact with the shaved skin at the outer canthi (6). In order 
to eliminate optoldnetic nystagmu.s, the head was covered with a cardboard 
housing, which ser\'ed to prevent the cat from seeing the apparent motion of 
surrounding objects but did not interfere noth free movement of the eyes as a 
blindfold had been found to do. 

The average number of cycles of nystagmus during a 30 sec. period of rotation 
in each direction was taken as a measure of the response of the vestibular system. 
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Eacli curve of figure 2 represents the changes in this response in a single animal 
as recorded at various times during treatment with the two drugs. In addition, 
a curve for a normal control animal is presented to indicate the amount of de- 
crease in the response with repeated spinning alone. From these curves it is 
apparent that loss of nystagmus, like ataxia, occurs earlier in the course of treat- 
ment with streptomycin than with equivalent doses of dihydrostreptomycin. 
It should be noted also that in only one cat was the loss of nystagmus after 30 
days of treatment mth dihydrostreptomycin as great as it was in all 4 cats of the 
other groups after 20 days of treatment with streptomj'^cin. The test with 
streptomycin was stopped after 20 days because the intoxication was so severe 



Fig. 2. Loss of vestibular nystagnJua in cats treated with dihydrostreptoun-cin or with 
streptomycin. Control curve shows effect of repeated tests in untreated normal cat. 
Rotation for 30 sec. at 60 r.p.m. with eyes covered. 


that the cats were rapidly losing weight. In contrast, the animals treated with 
dihydrostreptomycin maintained or gained weight during the 30 day treatment. 

Two dogs treated with streptomycin, in doses of 200 mg. per kg. daily, showed 
an ataxic gait on the twelfth and fourteenth days, respectively, while 2 dogs 
receiving equal doses of dihydrostreptomycin showed no evidence of a neuro- 
toxic effect during IS dav-s of treatment. 

Other Toxic Effects in Dogs and Monkeys 

In order to compare other possible toxic effects of the two drugs, biochemical 
and hematological studies were carried out in 6 dogs and 0 monkeys. Two ani- 
mals of each species received streptomycin, 2 were given dihydrostreplomycin. 
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and 2 served as untreated controls. The drugs were given twice daily by sub- 
cutaneous injection of 200 mg. of base per kg. divided into two equal doses. 
The concentration of the solution used was 400 mg. of base per ml. Treatment 
of the dogs was carried out for IS days, and of the monkeys for 5 days. Ten to 
12 days after the last injection the animals were sacrificed for pathologic study. 

TFagAt changes: The bodj’’ weights of the monkeys remained relatively con- 
stant during the period of treatment. Slight but probably insignificant 
decreases in weight of 5.S per cent and 3.3 per cent were noted 10 days later in 
animals injected with streptomycin and dihydrostreptomycin respectively. 
One dog given streptom3''cin and both dogs given dihydrostreptomycin showed 
weight losses of about 1 kg. by the eighteenth day. Although both dihydrostrep- 
tomycin-treated animals were regaining weight 10 days after the last injection, 
the streptomycin-treated dog showed a further weight loss at this time. 

Biochemical dclcrminalions: No evidence of altered liver or kidney function 
was found in any of the following determinations which were made on blood 
specimens from both dogs and monkej'-s; bromsulfalein retention, nonprotein 
nitrogen, sugar, cholesterol ester, total cholesterol; serum phosphatase (alka- 
line) and calcium. Likewise, determinations of the pH and specific gravity of 
the urine and examinations for blood, protein, and urobilinogen revealed no ab- 
normal findings (7). Decreases in serum protein of 0.2 to 0.25 gm. per cent w'ere 
found in the treated dogs and of 0.5 to 0.7 gm. per cent in the treated monkeys, 
changes presumably associated with decreases in body weight. In dogs given 
streptomycin, the albumin-globulin ratio decreased from 2.25 to 1.2; in monkeys 
from 2.5 to 1.2. These changes are not beyond the normal range. In 3 of the 
4 treated monkeys an increase in plasma fibrinogen occurred, presumably be- 
cause of tissue damage at the site of injection. 

Hematological effects: The monkeys showed no significant changes in eryth- 
rocyte count, leukocyte count, hemoglobin, hematocrit, erythrocyte sedimen- 
tation rate or prothrombin time as a result of the drug treatment. Definite 
changes occurred in only one dog, which developed a leukocytosis (24,760 cells 
per cu. mm.) and a slight normocytic anemia after two weeks of treatment with 
streptomycin. Ten days after the last injection the total leucocyte count had 
returned to normal, but the anemia was still evident. 

Urinalysis: Microscopic e.xamination of the urine sediments revealed no 
abnormalities in any of the monkeys or dogs. 

Pathological effects: The incidence and extent of ulceration and induration at 
the injection sites were greater in dogs and monkeys given streptomycin than in 
those treated with dihydrostreptomycin. 

Gross examination at autopsy revealed no organ changes in treated monkeys 
or dogs. The weights of liver, kidney, spleen, heart, pituitary, thyroid and 
adrenal glands were comparable in treated and control animals. 

Microscopic examination of hematoxylin-eosin stained sections from the dogs 
and monkeys revealed no pathological changes in kidney, liver, heart, lung, 
pancreas, spleen, lymph node, adrenal gland, thyroid gland, pituitary gland, 
testis or representative sections of the gastro-intestinal tract. Sections of liver, 
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kidney and adrenal glands stained with Sudan IV showed no differences between 
animals treated with streptomycin or dihydrostreptomycin and the controls. 
These negative findings in liver and kidnej’^ are in contrast to those reported by 
Mushett and Martland (8) with less pure preparations of streptomycin. 

Hyperplasia of the femoral bone marrow was observed in the streptomycin 
treated dog which had previously exhibited a slight, persistent anemia. 

DISCUSSION 

Dihydrostreptomycin and streptomycin appear to affect the nervous system 
in the same fashion. No qualitative distinctions have been noted in cats, the 
signs produced by the two drugs differing only in time of onset and in severity. 
Whether these quantitative differences in to.xicity depend upon less rapid excre- 
tion of streptomycin or more ready access to the nenmus system, or upon differ- 
ences in metabolism of the two substances, cannot be answered at present. 
The significant fact is that, in the conversion of streptomycin to dihydrostrep- 
tomycin, the neuroto.xic action has been reduced vdthout sacrificing the anti- 
microbial eflacacy. The two properties do not, therefore, appear to be in- 
dissolubly linked and presumably do not depend upon the same molecular 
configuration. 


SUMMAKY 

1. Dihydrostreptomycin and streptomycin were closely comparable in anti- 
bacterial activity on a weight for weight basis against ilf . tubercxihsis of human 
(H37Rv) and avian types in vitro and against the avian type in chicles. 

2. No substantial differences in antibacterial activity of the two drugs were 
found against a variety of other pathogenic micro-organisms in vitro and in vivo. 

3. Micro-organisms resistant to streptomycin are also resistant to dihydro- 
streptomycin. 

4. The chronic neurotoxicity of dihydrostreptomycin in cats is less than that 
of streptomycin. When the two drugs are given to cats in doses containing equal 
weights of base, ataxia and loss of nystagmus appear later and are less severe 
with dihydrostreptomycin than with streptomycin. 

5. Biochemical, hematological, and pathological studies revealed no significant 
eiddence of other toxicity in dogs or monkey^s treated with dihydrostrep- 
tomycin. 

SUJLUUO 

Vahiacion Experimental de la Dihidroesireplomicina 

1. La diliidroestreptomicina y la estreptomicina mostrdronse netamente 
comparables en actividad antibacteriana, a base de peso por peso, contra los 
tipos humano (H37Rv) y aviario del M. tubercidosis in intro y contra cl tipo 
aviario en los polios. 

2. No se observaron diferencias sustanciales en la actividad antibacteriana de 
las dos drogas contra otros varies microbios patdgenos, tanto in vitro como in 

vivo. 
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3. Los microorgaaismos resistentes a la estreptomieina tambi^n lo son a la 
dihidroestreptomicina. 

4. La neurotoxicidad cronica de la dihidroestreptomicina en los gatos es menor 
que la de la estreptomieina. Cuando se administran las dos drogas a los gatos 
a dosis que contienen pesos iguales de la base, la ataxia y la pfirdida del nistagmo 
se presentan mas tarde y son menos intensas con la dihidroestreptomicina que 
con la estreptomieina. 

5. Los estudios bioquimicos, hematoldgicos y patoldgicos no revelaron otros 
signos significativos de toxicidad en los perros y monos tratados con dihidro- 
estreptomicina. 


REFERENCES 

(1) Peck, R. L., Hoffhine, C. E., Jr., and Folkers, K.: Streptomyces antibiotics: IX. 

Dihydrostreptomycin, J. Am. Chem. Soc., 1946, 68, 1390. 

(2) Donovick, R., and Rake, G.: Studies on some biological aspects of dihydrostrepto- 

mycin, J. Bact., 1947, SS, 205. 

(3) Bartz, I. R., CoNTHOULis, J., Crooks, H. M., Jr., and Rebstock, M. C.: Dihydro- 

streptomycin, J. Am. Che'm. Soc., 1947, 68, 2163. 

(4) Molitor, H., Graessle, O. E., Kuna, S., Mushett, C. W., and Silber, R. H.: Some 

toxicological and pharmacological properties of streptomycin, J. Pharmacol. & 
Exper. Therap., 1946, 86, 151. 

(6) Hawkins, J. E., Jr.: Disturbances of vestibular function produced in animals by 
streptomycin. Federation Proc., 1947, 6, 125. 

(6) Hawkins, J. E., Jr., and O’Shanny, W. J.: Functional analysis of the chronic neuro- 

toxic action of streptomycin. Federation Pros., 1948, 7, 225. 

(7) Silber, R. H., Porter, C. C., Winbury, W., and Clark, I. : The signiScance of impur- 

ities on the biochemical effects of streptomycin, Arch. Biochem., 1947, 14, 349. 

(8) Mushett, C. W., and Martland, H. S.: Pathologic changes resulting from the admin- 

istration of streptomycin. Arch. Path., 1946, 4^, 619. 



DZHYDROSTREPTOMYCIN: ITS EFFECT ON 
EXPERIMENTAL TUBERCULOSIS 

WILLIAM H. FI:LDMAX,> ALFRED G. K\RLSOX‘ axd H. CORWIN 

IIINSIIAW’ 

IKTOOBUCriOK 

The conversion, l)y hydrogenation, of streptomycin trihj-drochloride to 
dihydrostrcptomycin triliydrochloridc was announced in 191G by Peck, HofThine 
and Folkers (1) and by Burtc, Controulis, Crooks and Rcbstock (2). The 
hydrogenated product was found to be chemically distinctive, having increased 
stability. Unlike streptomycin, it w:\s not inactivated by cysteine or by car- 
bonyl reagents and did not yield maltol in (he presence of alkali. These facts, 
together with the fact of its altered ph.armacologic properties, recently determined 
by Edison and her co-workers (3), make it evident that dihydrostrcptomycin is 
in reality a new antibacterial substance and one of potcnti.al merit. The biologic 
acthaty of dihydrostrcptomycin against a v.aricty of micro-oi^.misras tested r« 
r/fro was qualitatively and quantitatively similar to that of streptomycin. For 
some bacteria the antibacterial activity of dihydrosfrcptomj'cin was inferior 
to that of the parent substance (2, 4). Activity w ritv of dihydrostreptomycin 
comparable to th.at of streptomycin was demonstrated in mice infected nith 
SahmncUa schoUtnilUcri, KlchsicUa pnamotiiac, Diplococ/:iis piicumam'ac, 
Staphylococcus aureus “S M” or EbertheUa iyphosa. 

The relationship of dihydrostrcptomycin to streptomycin and the high imti- 
tuberculosis potency of the parent substance naturally raises the question con- 
cerning the ability of dihydrostroptomycin to control or suppress tuberculous 
infections. Youmans (5) found dihj'drostreptomycin and streptomycin of 
equal potency in vitro against the human strain of tubercle bacilli H37Rv. 
Edison and her co-workcrs (3) also found dihydrostreptomycin and streptomycin 
of comparable activity in vitro against the H37Rv strain and against Mycobac- 
terium tuberculosis avium. In addition, Edison .and her co-workers (3) obseiwed 
that the hj’drogenated compound was comparable in effectiveness against 
Mycobacterium tuberculosis avitnn infections in cliicks. To obtain information 
regarding the therapeutic efficacy of dibydrostreptomycin against tuberculous 
disease in animals induced by a human strain of Mycobacterium tuberculosis, 
the follo\ving studios wore done,® 

EXPEMWENTAL OBSERVATXOXS 

EXPEIUMENT 1 

Methods 

The first experiment, initiated in Alsirch, 1947, concerned three groups of guinea pigs, 
each of which was inoculated subcutaneously with 0.001 mg, of tubercle bacilli, human 

‘ Division of E.vpcrimental iVIedicine, ^layo Foundation, Rochester, HSnnesot.'). 

= Division of aiedicine, M.ayo Clinic, Rochester, hfinnesota. 

’ Since this paper was written, a report on dihydrostrcptomycin in experiracntal tuber- 
culosis by Freedlander and French (Dis. of Chest, iCovembcr-Dcccmber, 1&47, IS, 70S) has 
come to our attention. They concluded that the therapeutic efficacy of dihydrostrepto- 
invcin w'as comparable to that of streptomjxin. 
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ptmin n37Rv (ptrcptomj'cin-sonsitive). Forty-two days after inoculation the nnimnLs 
were dindcd into three groups ns follows: group 1, untreated controls; group 2, treated 
once daily, each animal rccci\nng subcutaneously G mg. of ddiydrostreptomycin trihydro- 
chloride^; group 3, lrc,ated once daily, c-ach nnimal receiving strcptomj'cin calcium chlo- 
ride complc.v subcutaneously equivalent to G mg. of streptomycin b.ise*. 

Tlio cAqicrimcnt continued until the animals had received treatment for 119 days. The 
dunition of the period of infection was IGI d.a}-8. At the time of necropsy attempts were 
made to obtain cultures of tubercle bacilli from the spleens of the respective animals in 
the groups that were treated. Tissues were prcscr\’ed for subsequent histopathologic 
studies. 


DIHYDROSTRCPTOMYCIN 
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Fig. 1. Schematic representation of -16 Buiiien. pigs e.acli inoculated with 0.001 mg. of 
Htreptomycin-Bon.sitivc tubercle bacilli II37Rv. Tiic two groups of animals that were 
treated had impressively le.ss tuberculosis than did the untreated controls. 


Results 

Mortality rate: Of the 20 animals in the control or untreated group, 16 (80 
per cent) died. The firet death occurred on the fifty-fourth postinfection day 
and the last death occurred on tlie one hundred and twenty-ninth postinfection 
day. A large number of deaths also occurred among the animals in the two 

•* The preparation supplied was stated by the manufacturer to be 95 per cent pure ; hence, 
it was administered on an actual weight basis. Furthermore, the manufacturer’s in vitro 
tests against M. lubercnlosis H.37Ilv indicated that this preparation was comparable in po- 
tency to streptomycin. 

^ The streptomycin and the dihydrostreptomycin were kindly supplied through the cour- 
tesy of Merck & Co., Inc., Rahway, New Jersey. 
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groups that were treated. Ten (59 per cent) of the 17 animals that received 
dihydrostrcptoms'cin died in the period from the sixty-first through the one 
hundred and forty-third postinfection day. Among the 9 animals in the group 
treated ^^^th strcptomj'cin, 7 died in the period from the sixty-sixth through the 
ninety-eighth postinfection daj'. 

Tuberculosis was the probable cause of death of each of the animals in the 
untreated group. At least, the character and extent of tuberculosis in this 
group were sufficient^ severe to iustif 3 '- this conclusion (figure 1). 

In contrast, among the two groups of animals that were treated, the amount 
of tuberculosis, gross and microscopic, was insufficient to account for death. 
The results of subsequent studies indicated definitely' that, among the animals 
in these two groups that died prematurely', lymphocytic choriomeningitis was 
the most likely cause of death. The virus of this disease was demonstrated in 
the tissues of each animal in the treated groups that died, and was also obtained 
from other guinea pigs maintained in the same quarters as those in wluch the 
animals in tin's experiment were housed®. 

TABLE 1 


Comparison of severity of tubcreulosis determined microseopically in untreated controls 
and in groups treated with dihydroslrcptomyein and with streptomycin 


CKOXtt'S or GUINEA nc3 

AjnUALS 

SrXXEN 1 
(UAX. SS) 1 

LUKCS 
(UAX. 30 ) , 

LnXR 
(UAX. 25 ) 1 

_! 

SITE or 
INOCU« 
EAnOM 1 
(itAX. 10) 

A^XSACX 

INDEX or 
rNFECnOKS 
(UAX. 100) 

Controls 

20 

35.0 

21.5 


9.5 

ss.o 

Treated with dihydrostreptomycin . , 

17 

O.S 

2.5 


0.9 

•l.C 

Treated with streptomycin 

9 

1.2 

1 1.5 


3.4 

G.7 


Fortunately, the viral infections did not become manifest until after the 
animals in group 2 and group 3 had been on treatment for approximately tlwee 
weeks and, as a consequence, effects of antituberculosis treatment were ewdent 
even though many of the animals died prematurely. There was no eA'idence 
that treatment had any effect on the viral infection. 

Evidence of therapy: As may be noted in figure 1, there was a strildng dis- 
similarity in the amount of tuberculosis present in the untreated controls and in 
those animals treated with dihydrostreptomy'cin or with streptomycin. The 
antituberculosis potency of each of these agents was impressively demonstrated. 
This capacity of both dihydrostreptomycin and streptomycin was clearly ap- 
parent not only from the gross findings at necropsy, but also by microscopic 
examination of the tissues obtained from the animals in the respective groups. 

In table 1, the comparative amounts of tuberculosis in the organs of predilec- 
tion, expressed numerically as the average index of infection, are shownh 

* The demonstration and identification of the virus of lymphocytic choriomeningitis were 
accomplished by our associates. Dr. F. R. Heilman and Dr. Lyle W. Weed, of the Section 
on Bacteriology. 

^ The scheme used for recording, numerically, tuberculous changes in experimentally 
infected animals has been described previously (6). 
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That the average index of infection for the animals in the untreated group 
was 88 on the basis of a theoretical maximum of 100 indicates the potential 
pathogenicity of the infective agent. Furthermore, it should be recalled that 
the infection in the two groups of animals that were treated had been present 
for forty-two days before treatment was started. Several animals that died, 
prior to the fort 5 '’-second day, showed at necropsy severe and widely disseminated 
tuberculosis. This provides reasons for believing that, in the animals that were 
treated, the disease was finny established in the liver, spleen and lungs at the 
time when treatment was started. 

The evidence suggests that the deterrent action of the respective therapeutic 
agents was exerted promptly and effectively. It is reasonable to assume that, 
had the viral infection not caused the premature death of animals in the groups 
that were treated, the results of treatment would have been even more impres- 
sive. This is especially true in the tuberculous involvement of certain lymph 
nodes. Many of these showed some active tuberculosis microscopically even 
though the disease in the parenchymal organs had undergone marked regression 
characterized by fibrotic changes and calcification, 

Bacteriologic cultures: The results of the attempts to recover tubercle bacilli 
by cultural procedures from the spleens of the treated animals indicate the failure 
of both streptomycin and dihydrostreptomycin to exert a complete sterilizing 
effect. While it is true that negative cultures were obtained from many of the 
spleens, the positive cultures obtained indicate that the capacity of dihydro- 
streptomycin to kill tubercle bacilli in infected tissues is limited. This is also 
true of streptomycin (7). 

The data obtained on the therapeutic efficacy of dihydrostreptomycin in ex- 
perimental tuberculosis suggest that, under the conditions imposed in the experi- 
ment described, this derivative of streptomycin is a highly effective antagonist 
of tuberculosis. Therapeutically, there is insufficient evidence to warrant the 
belief that, in experimental tuberculosis, dihydrostreptomycin is more effective 
than is streptomycin. It may be assumed, however, that the antituberculosis 
potentials of these two substances are approximately equal. 

EXPERIMENT 2 

The objective of this experiment was to determine the efficacy of dihydrostreptomycin 
against streptomycin-resistant tuberculous infections. 

Methods 

Two groups of guinea pigs were used. Each animal received subcutaneously 0.1 mg. 
of human type of tubercle bacilli, resistant in vitro to more than 1,000 micrograms of 
streptomycin per miUiliter®. Beginning twenty-one days after inoculation, one group 
consisting of 8 animals was treated with dihydrostreptomycin. Each animal received 6 
mg. of the drug subcutaneously daily. The 10 animals in the second group served as the 
untreated controls. The experiment was terminated on the one hundred and thirtieth 
postinfection day. The 4 animals surviving in the group that received dihydrostrepto- 
mycin had been treated for 109 days at the time of necropsy. 

* The culture was isolated from a patient who had received streptomycin for several 
months. 
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Results 

The results of experiment 2 showed clearly that dihydrostreplomycin had 
failed to exert any recognizable influence on the course of an infection induced 
by tubercle bacilli resistant to streptomycin. All animals that received treat- 
ment had widely disseminated, severe tuberculosis, comparable to the disease 
in the untreated controls (figure 2). It appears, therefore, that tubercle bacilli 
that are therapeutically resistant to streptomycin are similarly resistant to 
dihydrostreptomyciu. 

DIHYORCSTHEPTOMYCrN 


STQEPTOMYCIN RESISTANT INFECTION 
CONTROLS 



DIKTBROSTREPTONTCIN 
e MCN DAILY 



Fia. 2. Schematic representation showing the amount of tuberculosis at necropsy in IS 
guinea pigs each infected with 0.1 mg. of human strain tubercle bacilli resistant to more 
than 1,000 micrograms of streptomycin per milliliter. The failure of dihydrostroptomycin 
to e.xert an effective therapeutic action is apparent. The second, third and fourth of the 
controls were killed for e.vamination on the twenty-first day after infection. 

In Vitro Observations 

The in vitro activity of dih 3 ’^drostreptomycin was found to be the same as 
that of streptomycin when tested against 24 cultures of tubercle bacilli in egg 
yolk agar. The tests were done in parallel in tubes of egg yolk agar (8) contain- 
ing 1, 10, 50, 100 and 1,000 micrograms of the respective compounds per milliliter 
of medium. Control tubes of medium not containing any antibiotic substance 
were included for comparison®. Equal portions of a suspension of the culture 
being tested were inoculated on each slant of medium. After fourteen days of 
incubation, the resistance of the culture to dih 3 ’^drostreptomycia and to strep- 
tomycin was recorded as the maximal concentration of the respective compound 
in micrograms per milliliter of medium which permitted growth comparable to 
that in the control tube. 

Seven cultures that were found to be resistant to more than 1,000 micrograms 
of streptomycin per milliliter of medium were also resistant to more than 1,000 
micrograms of dihydrostreptom 3 ’'cin per milliliter. Another culture was resistant 
to 50 micrograms of streptomycin per milliliter although it produced a few 

» The procedure followed in making the in vitro assaj’s is that doseribod by ICarl.son and 
Needham (8). 
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colonies on the tube containing 100 micrograms of streptomycin per milliliter. 
This culture was resistant to 100 micrograms of dihydrostreptomycin per milli- 
liter. This difference is ivithin the limits of error in a multiple dilution method. 

The other 16 cultures were resistant to only 1.0 or less than 1.0 microgram of 
streptomycin per milliliter of medium and were also resistant to only 1.0 or 
less than 1.0 microgram of dihydrostreptomycin per milliliter. 

Edison and her co-workers (3) also stated that dihydrostreptomycin and 
streptomycin are closely comparable in activity on a weight for weight basis 
against tubercle bacilli when tested in vitro against cultures of Mycobackrium 
iuberetdosis (H37Rv). 


COMMENT 

Any new drug which is proposed for the treatment of clinical tuberculosis 
should be subjected to adequate study by means of well-controlled animal 
experimentation. It is desirable to demonstrate that the disease process may 
be suppressed under difficult circumstances and that the effect is not merely 
prophylactic, but is actually effective therapeutically against a well-established 
and widely disseminated tuberculosis infection. Furthermore, it is believed 
that new drugs should be tested in comparison with drugs of established tuber- 
culotherapeutic merit, such as streptomycin and promin. These basic principles 
have been adhered to in investigating this latest antituberculosis drug, dihydro- 
streptom 5 '’cin. 

SUMMARY 

A study was done to determine the antituberculosis efficacy of dihydrostrep- 
tomycin. A group of guinea pigs w'as inoculated subcutaneously, each animal 
receiving 0.001 mg. of streptomycin-sensitive human strain tubercle bacilli, 
H37Rv. Beginning forty-two days later, one group of 17 animals was treated 
with 6.0 mg. of dihydrostreptomycin daily and one group of 9 animals received 
6.0 mg. of streptomycin subcutaneously daily. The remaining 20 animals served 
as controls. The experiment continued for a total of 161 days after the animals 
had received the infective dose of tubercle bacilli. The period of treatment was 
1 19 days. The results of this phase of the study indicated definitely that the anti- 
tuberculosis potency of dihydrostreptomycin was equal to that of streptomycin. 

In another study the effectiveness of dihydrostreptomycm against experi- 
mental tuberculosis induced by a human strain of tubercle bacilli resistant to 
more than 1,000 micrograms of streptomycin per milliliter of medium was de- 
termined. In this study dihydrostreptomycin failed to produce any recognizable 
therapeutic effect. 


CONCnUSIONS 

(1) In .experimental tuberculosis due to streptomycin-sensitive tubercle 
bacilli of the human type, dihydrostreptomycin, on a comparable weight basis, 
is equally effective therapeutically as its parent substance, streptomycin. 

(2) Dihydrostreptomycin has little, if any, potential value therapeutically 
in experimental infections induced by so-called streptomycin-resistant tubercle 
bacilli. 
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SmiARIO 

Dihidroeslrcplomicina: Su Efeclo sohre la Tuberculosis Experimental 

Este estudio tuvo por objccto dclcrminar la eficacia antibuberculoa de la 
dihidroestreptomicina. Un gnipo de 40 cohayos fud inoculado subeutdnea- 
raente, recibiendo cada animal 0.001 mg. de una cepa de bacilos tuberculoses 
humanos, estreptomicinosensibles, H37Rv. Comenzando 42 dlas despuds, 
un grupo de 17 animales fud tratado con 6 mg, diaries de dihidroestreptomicina 
y otro grupo de 9 animals con 6 mg. diaries de estreptomicina por \da sub- 
cutdnea. Los otros 20 animales sinderon de testigos. El e.\'perimento continud 
hasta un total de 101 dfas a partir de la fecha en que los animales recibieron la 
dosis infectiva de bacilos tuberculoses. El tratamiento durd 119 dfas. Los 
resultados de esta fase del estudio indicaron netamente que la potencia anti- 
tuberculosa de la dihidroestreptomicina es i^al a la de la estreptomicina, 

En otro estudio se determind la eficacia de la dihidroestreptomicina contra la 
tuberculosis experimental inducida por una cepa humana de bacilos tuber- 
culosos resistentes a mds de 1,000 microgramos de estreptomicina por milititro 
(ie medio, En este estudio la dihidroestreptomicina no produjo ningdn efecto 
terapdutico discernible. 


CONCLXTSrONES 

(1) En la tuberculosis experimental debida a bacilos tuberculosos estrepto- 
micinosensibles de tipo humano, la dihidroestreptomicina, a base comparable 
por peso, iguala en eficacia terapdutica la sustancia madre: la estreptomicina. 

(2) La dihidroestreptomicina posee poco, o ningun, valor terapdutico poten- 
cial en las infecciones experimentales evocadas por los bacilos tuberculosos 
llamados estreptomicinorresistentes. 
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A LABORATORY AND CLINICAL INVESTIGATION 
OF DIHYDROSTREPTOMYCINi'2>3 

LA\ST1ENCE B. HOBSON/ RALPH TOMPSETT, CARL MUSCHENHEIM and 

WALSH McDERMOTT' 

INTRODUCTION 

Dihydrostreptomj’^cin is an antibacterial agent which has been prepared by 
catalytic hydrogenation of streptomycin. It differs from the latter structurally 
only in having a hydroxyl instead of a carbonjd group in the streptobiosamine 
portion of the molecule (1, 2, 3). The dihydro derivative has been reported to be 
slightly less toxic than streptomycin as measured by the LDso in mice (4), and 
the two compounds are active against the same micro-organisms in vitro (2, 4). 
There are quantitative differences in the antibacterial effectiveness of the two 
compounds, the dihydro derivative being slightly less active against most strains 
(2, 4, 5). Dono\’ick and Rake observed that streptomycin-resistant strains of 
H. influenzae were also resistant to dihydrostreptomycin, and this finding has 
been confirmed on resistant strains of other species in this laboratory. These 
early reports did not suggest any advantage of dihydrostreptomycin over the 
parent compound for clinical use, unless the derivative were significantly different 
in its distribution or to.xicity. 

Certain of the toxic reactions observed during the administration of strepto- 
m3'’cin to humans were not previously disclosed by routine toxicity tests in ani- 
mals. Examples of these include several manifestations of hypersensitivity such 
as fever, skin eruptions, asthma, and eosinophilia, which may be encountered 
during prolonged streptomycin treatment. Occasionally, these hypersensitivity 
reactions have been so severe that therapy had to be abandoned or interrupted 
for many weeks. An even more severe limitation on the usefulness of strepto- 
mycin results from its neurotoxicity, notably the involvement of vestibular and 
auditory functions. 

It is generally recognized that slight changes in chemical composition may alter 
the capacity of a drug to give rise to manifestations of hypersensitivity. 
Dihydrostreptomycin, with a greatly altered polar group, might be expected to 
differ significantly from streptomycin in this regard. It is also recognized that 

^ From the Department of Medicine of the New York Hospital — Cornell University 
Medical College. 

* The preparations of dihydrostreptomycin used in this study were generously supplied 
by Dr. James Shannon, Director of the Squibb Institute for Medical Research, New Bruns- 
wick, New Jersey. 

’ The study was aided in part by grants from; the Division of Research Grants and 
Fellowships of the National Institute of Health, U. S. Public Health Service; Charles Pfizer 
and Co., Brooklyn, New York; and the Lederle Laboratories Division, American Cyanaraid 
Co., Pearl River, New York. 

* National Institute of Health, U. S. Public Health Service Postdoctorate Research Fel- 
low. 

‘ With the technical assistance of Rebeckah DuBois and Alice Tracy. 
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other manifestations of toxicity maj'’ be altered by such slight chemical changes. 
A strildng example of such alteration has been reported by Schmidt (6), who 
found that the introduction of a single hydroxyl group into the side chain of 
G-methox}' derivatives of 8-aminoquinolines reduced their specific neurotoxicity 
by 75 per cent. 

It seemed possible, therefore, that dihydrostreptomycin might be different 
from streptomycin in its toxicity for humans despite the similarity of the two 
drugs in other respects. Accordingl}'’, in March 1947 a laboratory and clinical 
investigation of dih 3 ’-drostreptom 5 ’’cin was started and the results observed form 
the basis for the present report. The greater portion of the stud}'' was planned to 
determine: ( 1 ) if dih 5 'drostreptom 5 ''cin were toxic; (2) how its toxicity compared 
•with that of streptomycin; and (S) what its relative therapeutic effectiveness 
might be. In investigating the first two of these points, both clinical and animal 
studies were made. Cats were chosen, since this animal had been used previously 
for investigations of the neurotoxicit}'' of streptonij'-cin (7, 8, 9). 

Observations 

XUTEKIALS AND METHODS 

Drug: Two preparations of dihj’’drostreptomj'cin were used in this study: (1) A 
“crude” preparation assaying 342 to 573 units per mg. (0.34 to 0.57 grams of “active 
base” per gram of solid material). This was made bj' the cataljdic hj’drogenation of 
crude streptomj'cin complex, a mixture of streptomycin and mannosidostreptomj’'cm (10), 
previously termed streptomi'cln A and B. It was received as a powder, made up as a 
solution containing 1.0 Gm. of “base” in each 4 cc. of distilled w.ater, .and sterilized b}'' 
filtration. (2) A “purified” material prepared from highlj' purified streptomycin hydro- 
chloride and assajdng about 750 units per mg. (0.75 grams of “base” per gram of solid). 
This was supplied in vials as a sterile white powder, each \dal containing 1.0 Gm. of “base” 
wliich was taken up in 4 cc. of sterile distilled water before use. Each lot of dihydro- 
streptomycin had been found free of pyrogens and histamine-like substances. 

The potenej' of dihydrostreptomycin was determined bj'' assay against streptomycin 
standards using Klebsiella pneumoniae as the test organism. The strain used had been 
shown to be equally sensitive to the two compounds (4), so that one “unit” of dih}’’dro- 
streptomycin thus determined was equivalent to one “unit” of streptomycin. Through- 
out this paper, the accepted convention of considering one unit of streptomycin as equal 
to one microgram has been extended to dihydrostreptom 5 ’-cin. All references to amounts 
of dihydrostreptomj'cin are given in metric weights of the “active base” rather than units 
so that 5.0 Gm. of dihydrostreptomycin can be read as 5,000,000 units of the antibacterial 
agent rather than as 5.0 Gm. of total solid. 

It was found that passage through a Seitz filter did not alter the antibacterial potency 
of the solutions of either the diliydrostreptomycin or streptomj''cin which were used. 

Bioassays: Assays for diliydrostreptomycin were made by a modification of the method 
of Stebbins and Robinson (11) using paper discs. Staphylococcus aureus (“Staph SM” 
strain) was the test organism and dilis'drostreptomycin standards were used for fluids 
containing that drug. The use of the corresponding drug in the standard is important 
for, unlpgg the test strain is knorni to be equally sensitive to dihydrostreptomycin and 
streptom 5 ''cin, considerable error may be (introduced by using a streptomycin standard in 
the determination of dih}'drostreptomycin. 
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Tesi^ of vestibular function: Vestibular function was tested by a modification of Kobrak’s 
procedure (12), with the patient’s head held at a 30 degree angle so that the anterior 
canal was stimulated. The water used was at 15 to 20° C. and, if a response was obtained, 
only one ear was tested. Although the time of onset and the duration of nystagmus were 
both noted, it was arbitrarily decided to consider the response abnormal if more than 90 
seconds’ irrigation was required to produce n3rstagmus. If no nystagmus occurred after 
three minutes’ irrigation, the response was considered “absent.” 

Each patient had stereoscopic roentgenograms of the chest at two week intervals, 
frequent urinalyses, and determinations of the peripheral blood cell count, erythrocyte 
sedimentation rate, and the blood urea nitrogen. Urea clearance tests were obtained 
in the later cases. 

ABSORPTION, EXCRETION AND DISTRIBUTION OF DIHYDROSTRBPTOMYCIN 

Donovick and Rake (4, 5) found that the excretion of dihydrostreptomycin is 
similar to that of streptomycin in mice. Any difference in the toxicity of the two 
compounds might be due to different rates of absorption and excretion, however, 
or to the failure of one compound to reach the susceptible tissue to the same 
degree. Therefore, the concentration of dihydrostreptomycin in the serum of 
cats and in the serum and cerebrospinal fluid of humans was studied after 
intramuscular administration of the compound. 

Two cats, which had already received sixteen daily injections of “crude” dihydro- 
streptomycin, 200 mg. per kg., were given that intramuscular dose again. Blood was 
drawn at intervals over the next twenty-four hours for assay of the serum concentration 
of the drug. The 2 cats which had been similarly treated with streptomycin served as 
controls. 

Four patients were each given 20 mg. per kg. of “crude” dihydrostreptomycin intra- 
muscularly, and one patient was given 23.6 mg. per kg. of the “purified” preparation. 
The serum concentrations of the drug were then determined at intervals over the next 
four hours. The cerebrospinal fluid content was measured on a single specimen from 
each of 2 patients,, neither of whom had any evidence of meningitis. Both patients had 
received “crude” dihydrostreptomycin, 1.0 Gm., five times daily for a period of five 
days. The last injection was given fourteen hours prior to lumbar puncture. 

In figure 1 may be seen the serum concentrations of the two compounds in the 
4 cats. The upper two curves represent the values in the 2 animals which 
received dihydrostreptomycin. The lower curve represents the average values 
in 2 cats given streptomycin. 

In figure 2 are presented the results of serum assays in the humans. Curve A 
is a composite for all 4 patients who received 20 mg. per kg. of dihydrostrepto- 
mycin. Curve C is draum through points representing the average concentra- 
tions of streptomycin in 4 patients who had been given 20 mg. per kg. of that 
compound. 

The two samples of cerebrospinal fluid contained respectively 8.1 and 7.5 
micrograms per cc. of dihydrostreptomycin. 

The serum concentration of dihydrostreptomycin one hour after intramuscular 
administration and the rate of fall in concentration thereafter are comparable to 
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values obtained vitli streptom 3 ’-cin in both man and cat. Although the rate of 
fall may be slightly slower than that of streptomycin in man (see curve C and 
also 13, 14, 15, IG), this is not verifiable statistically from these data. It seems 
that the two compounds have approximately tlie same rate of absorption and 
excretion, so that these factors would not explain any difference in toxicity. 



HOURS AFTER JNJECTION 

Fio. 1. Serum concentrations of dibydrostreptomycin (DHSM) and streptomycin (SM) 
in cats following intramuscular injection of a single large dose (200 mg./kg.). Curves A 
and B represent the values obtained in the two animals given dibydrostreptomycin. Curve 
C is drawn from the averages of determinations in the two animals given streptomycin. 

Streptomj’’cin penetrates the intact central nervous system to a limited degree 
and may attain concentrations in the neighborhood of 5.0 micrograms per cc. 
in the cerebrospinal fluid (13, 14, 17, 18). In the patients reported here, the 
concentrations of dihj'-drostreptomycin in the cerebrospinal fluid (8.1 and 7.5 
micrograms per cc.) were not significantly different from these values for strepto- 
mycin. Thus it is unlikely that differences in the neuroto.xicity of the two drugs 
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could be axplained on the basis of failure of either to penetrate the blood-brain 
barrier. 


NEUROTOXICITr OF WHYDROSTREPTOMYCIN 

In the studies of the neurotoxicity of dihydrostreptomycin, treatment regimens 
were purposelj’’ chosen which, on a unitage basis, would be well within the toxic 
range of streptomycin. 



HOURS AFTER INJECTION 

Fig. 2. Serum concentrations of dihydrostreptoniycin (DHSM) and streptomycin (SM) 
in man following intramuscular administration of single doses. Curves A and C each repre- 
sent averages of values obtained in four patients given 20 mg./kg. of dihydrostreptomycin 
and streptomycin, respectively. Curve B is drawn through values obtained in one patient 
who received 23.6 mg./kg. of dihydrostreptomycin. 

Cats 

Six cats were given large intramuscular doses of either "crude” dihydrostreptomycin 
(474 units per mg.) or purified streptomycin (727 units per mg.). Each animal was 
weighed weekly and the dose was determined by the most recent weight. Two cats 
received 200 and 400 mg. per kg. per day of dihydrostreptomycin in one injection daily. 
Two control cats were given 200 mg. per kg. per day of streptomycin. 

Each animal was examined just prior to the daily injection for signs of awkwardness, 
spontaneous nystagmus, general state and behavior. Any detectable difficulty in using 
the legs or in maintaining balance was considered “awkwardness.” Marked impairment 
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of balance and coordination so that the animal Avas unable to stand quietly upright on a 
level surface was designated “gross ataxia.” Tipping and tossing the animal were used 
to detect awlavardness, but rotational tests were not employed, as awkwardness appears 
at the same time that this test first detects vestibular dysfunction (9). 

After the appearance of gross ataxia, the injections Avere continued. The dose AA*as 
progressh'ely increased in the cats recehung 200 mg. per kg. per day initially until all the 
animals died of toxicity. The brains and A’iscera were examined grossly and micro- 
scopically and the findmgs will be presented in detail elsewhere. 

In table 1 may be seen the effects of massiA^e doses of dihydrostreptomycin 
and streptomycin on the coordination and balance of the cats. Dihydrostrepto- 
mycin produced A’-estibular damage in the dosages used, but the effects AA^ere 
apparent earlier in the controls treated AA'ith streptom}’^cin. Spontaneous 
nystagmus aa^s never observ^ed in any of the animals. 


TABLE 1 

Neuroloxicify of stvcptomt/cin and dihydrostreptonnjcin in cals 
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All 6 cats had excessive salivation and anorexia. This appeared after the 
first injection of 400 mg. per kg. of dihydrostreptomycin, and Avithin the first 
Aveek all 4 cats on the smaller dose of either compound also showed the same signs 
although to a lesser degree. Considerable debilitation resulted, as may be seen 
by the weight loss recorded in table 1, but the loss of balance and coordination 
did not exactly parallel the degree of debility. 

Hawkins and O’Shanny (9) bax'-e found that cats injected Avith 100 mg. per kg. 
per da3’- of streptomycin hydrochloride became aw'kward after thirteen to twenty- 
four days. Thirty-tAA’o to fifty-one daj’-s were required to reach the same end 
point when the same dose of the calcium chloride complex AA'as given. As larger 
doses of streptomycin produce vestibular dysfunction more quickl}’-, the produc- 
tion of awkwardness on the eighth and eleventh days with 200 mg. per kg. per day 
of streptomycin is in accord with the results of Hawkins and O’Shanny. They 
found such xvide Amriations in the time of onset of aAvkwardness, however, that 
the later appearance of vestibular dysfunction in cats giAmn 200 mg. per kg. per 
day of dihj’-drostreptomycin may not be significant. 
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In this small series of cats evidence was obtained which indicated that dihydro- 
streptomycin produces essentially the same neurotoxic signs as streptomycin, 
and that possibly these manifestations appeared later when the dihydro deriva- 
tive was used. It was felt that the latter possibility could be investigated more 
satisfactorily in humans, and animal experiments were abandoned in favor of 
clinical trials. 


Humans 

Ten patients were treated with large doses of dihydrostreptomycin, and an additional 
2 received smaller doses for long periods of time. The significant data concerning each 
of these patients are presented in tables 2, 3, and 4. These 12 patients were men and 
women from 15 to 60 years of age. All had moderately or far advanced, active, pulmonary 
tuberculosis; 6 (Cases 1, 2, 4, 6, 9, 10) were known to have had a spread of the pulmonary 
disease less than two months before treatment was begun. In addition to their lung 
lesions, 2 patients had demonstrable acute lymphohematogenous dissemination without 
meningitis (Cases 3, 5). Tubercle bacilli were cultured from the urine of 2 others (Cases 
2, 4). There were also 2 patients with tuberculous ulceration of the upper respirator 5 '- 
tract (Cases 11, 12) and one with tuberculous otitis media (Case 7). Alcoholism and 
hepatic cirrhosis (Cases 2, 5) and diabetes with hypertension (Case 6) were nontuberculous 
complications. 

Two patients (Cases 1 and 7) had received streptomycin intramuscularly before di- 
hydrostreptomycin was begun, and Case 11 had had topical applications of streptomycin 
to an oral ulcer for six montlis prior to admission. One patient (Case 1) also had a course 
of para-aminosalicylic acid just before dihydrostreptomycin was started. In two in- 
stances (Cases 3, 11), streptomycin was begun two days after the available supply of 
dihydrostreptoraycin was exliausted. 

The first 9 patients in the series received “crude” dihydrostreptomycin and in 6 the 
impure material was used e.xclusively. As the content of active base is low in this prepara- 
tion (see above), some patients received as much as 14 Gra. per day of total solids in a 
concentrated solution. Thus, in addition to the stated dose of active antimicrobial 
substance, the material administered presumably contained variable amounts of strepto- 
m 3 ’’cin-like compounds which had little or no antimicrobial activity. It is conceivable, 
however, that these compounds might add to the toxicity of the material injected. Dur- 
ing the latter part of the stud)’-, “purified” diliydrostreptomycin was given to all patients. 
The dihydrostreptomycin therap)’- of each of the 12 cases may be seen in table 2. The 
intramuscular route was the only one used. 

SLx patients received 5.0 Gm. of dihydrostreptomycin daily (in dmded doses of 1.0 
Gm. each) for sixteen to seventy-eight days, 5 of them for more than thirty days. The 
total amoxmt used per patient ranged from 74 to 365 Gm. Two patients were given the 
“crude” or “purified” preparation in doses of 3.0 Gm. daily for forty-two da)-s, a total 
of 126 Gm. per patient. One patient received 3.0 Gm. daily of the “purified” preparation 
for thirty-three da)'s, a total of 97 Gm., .and 2 patients were treated with 1.0 Gm. of 
“purified” diliydrostreptomycin in a single daily injection for forty-six and twenty-five 
dax-s respectively. The remaining patient was given the “crude” preparation, 5.0 Gm. 
daily for thirteen days, and then 3.0 Gm. of one or the other prejiaration daily over 
sLxty-fivc days, a total of 232 Gm. 

The dose of diliydrostreptomycin ranged from IS to 110 mg. per kg. body 
weight per day (Sec table 2). It was occasionally necessary to reduce the daily 
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dose or to discontinue treatment for a few days when the injections of "crude” 
dihydrostreptomycin became too painful or when the supply was temporarily 

TABLE 2 


Specific therapy received hy patients 
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97 
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11 

E. Pi. 
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1.0 
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18 

43 

! Topical SM to tongue for ISO days in 








another institution completed 6 days 








1 earlier. SM, 1.0 Gm. dailj*^ for 47 days, 








begun 2 da 3 ''s later. 

12 

M. Lo. 

25 

1.0 

23 

23 

22.4 

SM, 3,0 Gm. daily for 19 daj^s, completed 








35 daj'S earlier. 


1 Duration generally includes some days on diminished dose and a few "rest periods." 
= SM — streptomycin; PAS — para aminosalicylic acid; DHSM — dihydrostreptomycin. 
’ Numbers in italics refer to “purified’’ dihydrostreptomycin, others are "crude.’’ 


exhausted. Thus, the total amounts of drug received are not always the product 
of the daily dose and the number of days over which treatment was given. The 
data on the toxic manifestations of dihydrostreptomycin are presented in table.S. 











• Oiliiet delayed beyond 90 sec. by modified Kobral; test. 

I Hud been e.vperieaced before treutmenl. 

Figures in parenthese.s indicate mild, transient episodes. 

l''igurc.'/i in italics indicate toxicity after discontinuance of therapy but dated from start of treatment. 
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Four of the 5 patients who received 5.0 Gm. of dihydrostreptomycin over 
thirty days or longer had definite damage to both auditoiy and vestibular func- 
tion. In everj'- instance, the vestibular damage was apparent before the hearing 
was affected. Only one of the 4 patients treated with 3.0 Gm. of dihydrostrep- 
tomycin dail}'- for thirty days or more had detectable loss of vestibular function. 

Vesiibular dysfunction: The earhest appearance of definite neurotoxicity was 
on the thirt 3 ’'-second and thirty-third days of treatment, when there was no 
response to caloric stimulation in two j'oung women . It is of interest that neither 
of these patients ever experienced the “dizziness” characteristic of streptomycm 
toxicit 3 ’- (19). One of these women (Case 10) had received 3.0 Gm. of “purified” 
dihydrostreptomycin daily, had no evidence of renal damage and the vestibular 
dysftmction was only transient. The other (Case 4) had been given 5.0 Gm. 
of “crude” dih 3 '^drostreptomychi and later had evident renal damage, so that 
she may have been retaining the drug in tmusually high concentrations before 
the thirty-third day, when the vestibular function was discovered to be abnormal. 
Another patient (Case 3) had an abnormal response to the caloric test on the 
forty-first day, and the onset of moderately severe, characteristic “dizziness” 
on the forty-second day. The administration of dihydrostreptomycin had been 
stopped on the thirty-seventh day, and streptom 3 'cin 1.0 Gm. daily had been 
started on the thirty-ninth day. His last normal caloric test was on the thirt 3 ’'- 
second day. The response to caloric testing became completely absent between 
the one hundred and second and one himdred and fifty-second days, approxi- 
mately two months after dihydrostreptomycin was discontinued. 

The first patient treated with large doses (Case 1) e.xperienced transient but 
characteristic s 3 'mptoms of vestibular dysfunction on the fort 3 ’--fourth da 3 ^ On 
the seventy-second day of treatment, these recurred and persisted for several 
days. Response to caloric stimulation was transiently abnormal on the thirt 3 '^- 
fifth and sixty-eighth days, and became completely and permanently absent on 
the seventy-eighth day. One patient (Case 2) had a brief episode of “fuzz 3 ’’ 
■vdsion” on the sixt 3 '^-first day, and gave no response to caloric stimulation on the 
eight 3 ’^-fourth day. The caloric response had been normal on the seventy-fifth 
day, two days after treatment was stopped. On the one hundred and sixt 3 ’^- 
eighth day after treatment was begun, and three months after the last dose, he 
had the onset of blurred vision for distant objects wliich has persisted to date, 
without any other symptoms of vestibular d 5 '’sfunction. 

The remaining patient (Case 6) had transient blurring of distant objects on 
the twent 3 '--ninth da 3 ^ Treatment was stopped three days later, and he never 
had any further symptoms or abnormal responses to caloric stimulation. One 
patient (Case 11) received 1.0 Gm, of “purified” dihydrostreptomycin daily over 
forty-six days followed by 1.0 Gm. of streptom 3 ’^cin daily for forty-seven days. 
She never experienced symptoms of vestibular dysfunction, but she gave no 
response to caloric stimulation on the one hundred and eighteenth day, two and a 
half months after dihydrostreptomycin was stopped and three weeks after the 
last streptomycin. Her caloric response had retmned to normal on retesting 345 
da 3 "s after treatment was begun, ten months after it had been discontinued. 
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Quantitative tests for the degree of disability from the loss of vestibular 
function were not attempted. It appeared, however, that patients in this series 
were less incapacitated than those who had received 3.0 Gm. of streptomycin 
daily for ninety days. 

Impairment of auditory function: The first appearance of auditory difficulty 
was on the forty-second day of treatment, when deafness was first noticed by the 
patient (Case 4 — 5.0 Gm.) who had urea retention at that time. The deafness 
became complete on the forty-eighth day. Another patient (Case 3 — 5.0 Gm.) 
complained of "fullness and popping” in both ears on the thirtieth day. His ear 
drums were retracted at that time, and it was noted m his history that he had had 
similar episodes for many years. He experienced tinnitus and was unable to 
hear a watch tick after the forty-fourth day, bj-^ which time he had received no 
dihydrostreptomycin for eight days and had had streptomycin for six days. 
Frequent audiograms first showed hearing loss (13 per cent) on the one hundred 
and thirty-seventh day, three and a half months after he was last given dihydro- 
streptomycin. 

Patient G. Sc. (Case 1 — 5.0 Gm.) began to have high-pitched tinnitus and 
became unable to hear a watch bn the sixty-ninth day. Her deafness slowly 
increased, and audiograms first showed a hearing defect (15 per cent) on the one 
hundred and fifty-seventh day, almost three months after conclusion of her treat- 
ment. Another patient (Case 2 — 5.0 Gm.) first noted persistent tinnitus on the 
one hundred and fifty-fifth day, almost three months after treatment, but no 
audiograms are available after the ninety-second day from the start of therapy. 
None of these patients has had sufficient deafness to make conversation difficult. 

USE OF DIHTDROSTREPTOMYCIN IN PATIENTS HTPERSENSTTVE TO STBEPTOMTCIN 

Five patients who had developed classical manifestations of hypersensitivity 
while receiving streptomycin intramuscularly were given “purified” dihydro- 
streptomycin in various doses by the same route. Small doses of different highly 
purified streptomycin salts were used to reproduce the hypersensitivity reactions. 
The usual clinical observations were made throughout the course of treatment 
with both drugs. 

In table 5 the treatment given and the results obtained in each of 5 cases are 
summarized. In every patient the manifestations of hypersensitivity to strepto- 
mycin were reproduced by one or more injections of that drug after the symptoms 
had subsided. A single injection of 0.1 Gm. of streptomycin provoked an indis- 
putable reaction each time it was given, but every patient was able to take 
dihydrostreptomycin without untoward effects within two days of the last 
streptomycin reaction. In figures 3, 4, and 5 may be seen examples of the 
clinical course of 3 of these patients who were hjqiersensitive to streptomycin. 

It should be mentioned that the state of “hypersensithity” to a drug does not 
always persist indefinitely. Many individuals are able to tolerate a drug only 
a few weelcs or months after it has given rise to definite manifestations of 'hyper- 
sensitivity.” In the present series, however, the temporal relationships of the 
response of the patients to the indhidual drugs were so striking that it is con- 
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sidered unlilvclj' that the lack of reaction to dihydro3treptomj’’cin represented 
merely a loss of drug “hj’persensitivity” ■nith the passage of time. Thus it 
appears that dihj'drostreptoraycin is sufficiently different from streptomycin to 
allow its use in persons who are hj-persensitive to the latter drug. 

It sliould be noted, however, that dihydrostreptomycin might itself produce 
mimifestations of hypeisensitivity. In one patient (Case 2) treated with the 
“cnidc” preparation, urticaria appeared on the second day of therapj\ 

EosinophiUa: The appearance of eosinophilia, wliich is believed to bo related 
to drug sensitivity, was a common occurrence in patients recei\’ing both “crude” 
and “purified” dihydrostreptomycin. In 6 of 9 previously imtreated patients 
who received dili 3 '^drostreptom 3 'cin for more than sixteen days, eosinophilia of 5 
to 16 per cent was obsen'^ed. Moreover, this phenomenon was noted in one 
patient (Case 10) ^rho received onl 3 '’ the “purified” preparation of dihydro- 
streptomycin. 


OTHER MANIFESTATIONS OF TOXICITT 

Renal Toxicity: Diliydrostreptomycin has produced some degree of renal 
damage in 3 of 5 patients who received 5.0 Gm. daily of the “crude” preparation 
for periods of more than thirty days. This complication proved fatal in one 
patient (Case 4) who developed albuminuria on the twenty-sixth day, an elevated 
blood urea nitrogen on the thirty-ninth day (46 mg. per 100 cc.) and died in 
uremia on the fifty-fourth day, nine days after the cessation of chemotherap 3 ^ 
Lower nephron nephrosis was revealed at postmortem examination. 

Fio. 3, This patient’s course illustrates the absence of manifestations of hyporsenflitivity 
to dihydrostreptomycin in a patient who was still hypersensitive to streptomycin. R. Sm. 
was a sixty-five-y'car-old man with subacute bacterial endocarditis due to Streptococcus 
fecalis. After failure to control the infection with large doses of penicillin, he was given 
streptomycin. Because of fever and a generalized maculopapular eruption, the drug was 
discontinued early on the thirteenth day. On the fourteenth day ho was markedly im- 
proved, but all the previous symptoms were reproduced that evening by another dose of 
streptomycin. As indicated, subsequent doses of dihydrostreptomycin were well tolerated 
without untoward reaction. 

Fig. 4. This chart illustrates the absence of toxic reaction to dihydrostreptomycin in a 
patient (Gia.) with hypersensitivity to streptomycin. The reaction to streptomycin, which 
consisted of fever, marked malaise and vomiting, was reproduced on the twelfth and seven- 
teenth days by small doses of two other highly purified streptomycin salts. Two doses of 
dihydrostreptomycin caused no symptoms or fever on the fifteenth and sixteenth days. 

Fig. 5. Effects of dihydrostreptomycin in a patient (Case 11, R. Pi.) with drug fever due 
to streptomycin. This thirty-six-year-old housewife had far advanced pulmonary tuber- 
culosis, as well as laryngeal, buccal and cutaneous tuberculosis. Streptomycin had been 
applied topically to a sublingual ulcer for six months prior to admission, and the initial 
intramuscular dose was followed by malaise, urticaria, chill and fever. Milder reactions 
occurred after smaller doses, including one of a different streptomycin salt. As may be 
seen, the initial dose of dihydrostreptomycin was given at a time the patient had fever 
which was considered to be due to her extensive pulmonary disease. The severe systemic 
symptoms previously caused by streptomycin, however, did not occur following adminis- 
tration of the dihydro derivative, and a subsequent test dose of streptomycin did reproduce 
this reaction. As might be expected, the hypersensitivit}'' to streptomycin did not persist 
and had disappeared on the forty-eighth day. As may be seen in this chart and in figure S, 
a satisfactory clinical result was obtained. 
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Another patient (Case 3) had had transient albuminuria before treatment. 
Persistent slight albuminuria reappeared on the twenty-eighth day, but he 
presented no other evidence of renal damage during the remaining nine days of 
treatment or thereafter. In one patient (Case 6), who had diabetes and hyper- 
tension, a rise in blood urea nitrogen from 14 to 31 mg. per 100 cc. was noted on 
the twenty-seventh day of chemotherapy. Treatment was discontinued on the 
thirty-second day. The following day, his blood urea nitrogen fell to 12 mg. per 
100 cc. and a urea clearance test revealed normal values. No other patient has 
showed any evidence of renal damage. 

Local Irritation: The intramuscular injection of “purified” dihydrostrepto- 
mycin in 1.0 Gm. doses has caused little discomfort. Three patients, not in the 
present series, were given one dose each. They had been receiving highty 
purified streptom3>’cin sulfate in 1.0 Gm. doses and were unable to distinguish 
between the compounds injected. 

“Crude” dihydrostreptomycin in individual intramuscular injections of 1.0 
Gm. caused moderate to severe local pain and tenderness and occasionally 
necessitated temporary interruption of therapy. Three patients (Cases 1, 2, 6) 
who were receiving 5.0 Gm. of the “crude” material daily, eventually developed 
sterile abscesses of the buttock which responded well to conservative manage- 
ment. 

Incidental toxic reactions: Most of the patients receiving dihydrostreptomycin 
experienced mild, tingling paresthesias of the finger tips and about the mouth. 
There was no significant discomfort from this reaction. 

Four patients receiving 5.0 Gm. of “crude” dihydrostreptomycin had nausea. 
It was transient in 3 cases, appearing on the second, thirty-fitrst, and si.xtieth 
days, respectively. Nausea appeared on the thirteenth day in the other patient 
(Case 4) and grew progressively worse with anore.xia, constipation and abdominal 
distress. 

In no case was there evidence of depression of hematopoietic activity, and liver 
function was not obviously damaged by the medication, even in the 2 patients 
with cirrhosis. 

THERAPEUTIC EFFECTIVENESS OF DIHTDROSTREPTOMTCIN 

A precise comparison of the respective antimicrobial activities of streptomycin 
and its dihydro derivative in the treatment of tuberculosis probablj’" can best 
be obtained by suitable experiments in animals. All that it is possible to report 
on the present series of 12 tuberculous patients treated with dih5'-drostreptom3’’cin 
is the impression of the clinical investigators (table 4). It was believed that the 
changes in the course of the tuberculous infections during treatment were at least 
as marked as had been previously observed from the administration of strepto- 
mycin (20, 21, 22). One patient with acute generalized hematogenous tubercu- 
losis experienced an early remission of the eridences of infection. In 2 patients, 
extensive tuberculous ulcerations of the pharynx and larynx healed promptly and 
in several patients a striking degree of roentgenographic "clearing” was observed 
(figures 6, 7, and 8). 



Fig. Ga. Pretreatment roentgenogram of a forty-ninc-year-old while printer (Case 2) who had had a cough for three years. Tliree weeks prior to tliis film, 
lie had several hernoptyses with a spread of the pulmonary disease, and large numbers of tubercle bacilli were found in the sputum. 

Fic.Gb. Roentgenogram of the same patient (Case 2) on the seventieth day of treatment with 5.0 Gm. of dihydrostreptomycin daily. There was considci- 
ablc improvement in tlic areas of recent spread, but numerous cavities became evident in both upper lobes. He remained slightly febrile with a positive 
sputum, and a new lesion appeared in the left lower lobe three weeks after dihydrostrcptomycin was discontinued. 
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Relapse, which has been not infrequent after the streptomycin treatment of 
pulmonary tuberculosis, has also been observed in 3 of the 12 cases treated with 
dihjdrostreptomy cin . 

The patient (Case 4) who died from renal damage on the fifty-fourth daj'- had 
had marked improvement in the roentgenographic appearance of the lungs during 
treatment. On section, the lungs showed many large cavities which were mostly 
thin-walled. Although some of these contained necrotic material, there was very 
little tuberculous tissue, and no tubercle bacilli were obtained on culture. 

One patient (Case 5) died on the sixteenth day of therapy. She had very 
extensive pulmonary tuberculosis, both old and recent, and a recent generalized, 
hematogenous dissemination. She was also a chronic alcoholic with hepatic 
cirrhosis. Although her temperature fell from 39.5°C to about 38°C. during 
treatment with dihj'’drostreptomycin, there was no other sign of improvement 
and she died on the sixteenth day. Sections of the lungs showed no evidence of 
recent healing. 

RESISTANCE OF M. TUBERCULOSIS TO DIHYDROSTREPTOMYCIN AND STREPTOMYCIN 

Tubercle bacilli were isolated from the sputum or gastric aspirate of patients 
treated with dihydrostreptomycin and tested for sensitivity to that compound 
and to streptomycin. The methods previously described (20) were followed, 
except that serial ten-fold dilutions of the compounds were used for all but a few 
of the sensitivity tests. In table 6 may be seen the times that cultures were 
made in relation to the treatment and a summary of the results. 

In this small series of patients, resistant strains of tubercle bacilli appeared as 
would be e.xpected during treatment with streptomycin. Every strain which 
Avas highly resistant to one compound, i.e., not inhibited by 1,000 micrograms 
per cc., Avas resistant to the other. Strains which Avere inhibited b}'’ Ioav con- 
centrations per cc. of streptomycin Avere also inhibited by Ioav concentrations 
of dihydrostreptom3''cin. 


Discussion 

From the above observations it appears that, insofar as tested, the pharma- 
cologic and antibacterial characteristics of dihj^drostreptomycin and strepto- 
mycin are qualitativelj" similar but that certain quantitative differences betAA’-een 
the tAA’^o compounds may be of importance, 'ifirtually all of the important toxic 
reactions produced by streptomycin can be produced by the dihj'-dro deriA^ative. 
Thus, in the larger dosages employed' in this study, dih3’-drostreptomycin caused 

Fig. 7a. Pretreatment roentgenogram of a thirty-one-year-old AA'hite bus driver (Case9) 
Avho had had an abrupt onset of cough and fever one and a half months prior to this film. 
There AA’crc signs of consolidation over the e.vtcnsive lesion in the right upper lobe, and 
smaller infiltrated areas could be seen throughout the right lung field. Many tubercle 
bacilli AA’orc present in the sputum. 

Fig. 7b. Roentgenogram of J. St. (Case 9) on the fortieth day of treatment AA’ith 3.0 Gm. 
of dihydrostreptomycin dailj'. At this time tubercle bacilli could no longer be cultured 
from his sputum, his sedimentation rate had become normal, and he AA-as asymptomatic. 
The chest lesions were found to be markedly improved by roentgenography and bj' phj'sical 
examination. Improvement has continued after completion of forty-two days of treat- 
ment. 
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vestibular dysfunction, hearing loss, renal damage, and eosinophilia. Dihydro- 
streptomycin, however, seems to be distinctly less neurotoxic than streptomycin, 
as judged by the length of therapy and the total dose of each required to produce 
the “dizziness” characteristic of vestibular dysfunction. This symptom has 
usually been the first evidence of vestibular dysfunction in patients receiving 
large doses of streptomycin (12, 19, 22). In earlier studies on this service, it was 

TABLE 6 


Sensitivity of M. tuberculosis to dihydroslreptomycin and streptomycin during treatment vtith 

the former 


. PATIENT AND TXEAIMEKT 

TWE OP CDLTtlEE 
(DAY AETER START OP TEEATIiIEXT) 

SENSITIVITY (mCEOOEAMS CC) 

Dihydrostrep- 

totnydn 

Strepto- 

mycin 

1. G.Sc., S.OGm. forTSdaya. 

Before DHSM* (11/18) 


>1,000 

(previously treated with 

Before DHSM (12/16) 

3.12 

1.56 

SM,t 1 Gm., 8/8 to 9/17 

1 Before DHSM (one week) 


10-100 

and 10/29 to 12/9/47). 

20 days 


>1,000 


48 days 


>1,000 


76 days 

>1,000 

>1,000 


145 days 

>1,000 

>1,000 

2. S. Cl., 5.0 Gm. for 73 days. 

Before DHSM (two weeks) 


<1 


Before DHSM (one day) 

0.625 

0.625 


28 days 


<1 


56 days 

>1,000 

>1,000 


97 days 

>1,000 

>1,000 

4. C.Ve., 5.0Gm.for45days. 

Before DHSM (one week) 

1.25 

1.25 

] 

12 days 


1-10 


26 days 

0.625 

0.625 

5. A. FI., 5.0 Gm. for 16 days. 

Before DHSM (three days) 

0.625 

0.625 


17 days (postmortem) 

0.312 

0.625 

11. B. Pi., 1.0 Gm. for 46 days, 

Before DHSM (three weeks) t 


<1 

then SM, 1.0 Gm. for 47 

11 days 


<1 

days. 

26 days 

1.25 

1.25 


158 days 

3.12 

3.12 


* DHSM — dihydrostreptomycin, 
t SM— streptomycin. 

1 Streptomycin had been topically applied to buccal ulcer for 6 months at tins time. 


observed that 37 of 38 patients became “dizzy” when treated for ninety days 
with 3.0 Gm. of streptomycin daily in eight intramuscular injections. This 
occurred about the twentieth day of treatment (day of onset =fc S.D. = 19.75 ± 
2.5 days) when a total of about 60 Gm. had been given. In contrast, dihydro- 
streptomycin produced “dizziness'\first on the forty-second day after a total of 
176 Gm., and m other patients on the forty-fourth and sixty-first days after total 
doses of 195 and 270 Gm. respectively. It should be noted, however, that the 
caloric response was absent on the thirty-second and thirty-third days in 2 
patients who never were “dizzy”. The total doses of dihydrostreptomycin in 
these 2 patients were 166 and 96 Gm. 
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It thus appeai-s that neurotoxicity, as indicated by the sjnnptoms and signs 
of vestibular d3'Bfunction, is manifested later and after a larger total dose with 
5.0 Gm. of dihydrostreptomycin dailj’- than with 3.0 Gm. of streptomycin daily. 

Dihydrostreptom3^cin can also produce damage to the auditors’- apparatus 
similar to the toxic effect of streptomycin. Although a comparison of the to-xicits^ 
of the two compounds on the auditory apparatus is difficult, the observations thus 
far indicate that dihydrostreptomycin is no more toxic and mas’’ prove to be 
significantly less toxic in this respect than streptomycin. 

Kenal damage, which has been observed in patients recemng streptoms'cin 
( 19 ) also occurred in those getting dihydrostreptomycin. The three patients in 
this study who showed renal damage had received very large doses of the “crude” 
preparation. It is worthy of note that, in addition to the active drug, these 
patients received large doses of impurities, the renal toxicity of which is not 
known. No evidence of renal d3’^6function has been observed with 3.0 Gm. or 
less of dihydrostreptomycin daily. 

Although the local reactions at the site of injection of the crude preparations 
of dihydrostreptoms'cm were frequently severe, the purified preparations used in 
this study have not caused local reactions. In view of the lower neuroto-xicity 
of dihydrostreptomycin, it mtU be of particular interest to determine whether the 
purified preparations of (iih3’’drostreptomycm are any less toric than strepto- 
mycin when given mtrathecall3’-®. 

In addition to the quantitative differences between dih3^drostreptoinycin and 
streptomycin, at least one qualitative difference was noted. Five patients with 
readily demonstrable hypersensitivity to streptomycin tolerated dihydrostrepto- 
mycm in doses as high as 2.0 Gm. daily without untoward reaction. Dih3''dro- 
streptomycin should be useful, therefore, in the few patients in whom this type 
of reaction develops when interruption of treatment is undesirable. 

It should be emphasized that, although the toxicit3’’ of streptomycin is well 
known, there is as yet little information in humans on the therapeutic effective- 
ness of streptomycin in very low doses. Hence the precise relation of to.xic dose 
to optimal therapeutic dose of streptom3’'cin has not yet been established. It is 
thus of considerable importance that experience be gained on the therapeutic 
effectiveness of dihydrostreptomycin in dosages which are well tolerated for 
prolonged periods. 

Summary 

Dih3"drostreptom3*cm is a compound which is derived from streptom5'-cin and 
which has the same range of antimicrobial activity. The present study indicates 
that the toxicity of dihydrostreptomyem differs significant^" from that of strep to- 
m3''cin. Both drugs ma3" cause a variet}" of toxic reactions in luunans when 
administered over long periods and the reactions of dih3xlrostrcptomycin, when 
tliey occur, are in all respects similar to those caused b}" the parent compound. 
Dib3’drostreptom3'cin, however, was found to be less neurotoxic than strepto- 

‘ Since this manuscript was submitted for publication, one patient with tuberculous 
meningitis has received six intrathecal injections of 0.05 Gm. of purified dihydroatrepto- 
mycin sulfate. Thus far no untoward rc.actioD has been obscived, and the evidences of 
local irritation have been no gresitcr than those noted following intrathecal adminialration 
of purified streptomycin sulfate. 
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mycin. In the patients treated in this study, evidence of vestibular damage 
appeared later and less imiformly with 5.0 Gm. of dihydrostreptomycin daily 
than it has in patients given 3.0 Gm. of streptomycin daily. The disability 
resulting from vestibular dysfunction has likewise been less than that seen with 
the latter treatment. Moreover, although dihydrostreptomycin may cause 
damage to the auditorj’^ apparatus, it is no more toxic in this respect than strepto- 
mycin and, in aU probability, is less so. 

Dihydrostreptomycin is also well tolerated by patients who are hypersensitive 
to streptomycin. Five patients were given the dihydro derivative in doses up 
to 2.0 Gm. daily without any untoward reaction at times when hypersensitivity 
to streptomycin was readily demonstrable. 

In the twelve cases of pulmonary tuberculosis reported here, the therapeutic 
results were judged to be as good as those that have been obtained with strepto- 
mycin. Resistant strains of tubercle bacilli have emerged during treatment with 
dihydrostreptomycin in the same fashion as with streptomycin. Highly re- 
sistant strains, not inhibited by 1,000 micrograms per cc. of one compound, are 
similarly resistant to the other. 

Dihydrostreptomycin, therefore, should prove to be useful in the treatment 
of patients imable to tolerate streptomycin because of hypersensitivity. The 
lower neurotoxicity of the dihydro derivative also suggests that it is preferable to 
streptomycin for the treatment of patients who require large doses or long courses 
of the antibacterial agent. 

SUMASIO 

Jnvestigacion de la Dihidroestreptomicina en el Laboralorio y en la CUnica 

La dihidroestreptomicina es un compuesto derivado de la estreptomicina y 
dotado de la misma escala de actividad antimicrobiana. El estudio actual indica 
que la toxicidad de la dihidroestreptomicina discrepa en forma significativa 
de la estreptomicina. Ambas drogas pueden ocasionar varias reacciones 
toxicas en los seres humanos al ser administradas durante perlodos prolongados, 
y las reacciones a la dihidroestreptomicina, cuando se presentan, son en todos 
sentidos semejantes a las producidas por e! compuesto primario. Sin embargo, 
la dihidroestreptomicina resultd ser menos neurotdxica que la estreptomicina. 
En los enfermos tratados en este estudio, aparecieron signos de lesidn vestibular 
mas tarde y menos constantemente con 5.0 gramos diarios de dihidroestrepto- 
micina que lo observado con 3.0 gramos diarios de estreptomicina. La incapa- 
cidad debida a la disfuncidn vestibular tambidn fu6 menor. Ademas, aunque la 
dihidroestreptomicina puede afectar el aparato auditivo, no es mfis tdxica en 
este sentido que la estreptomicina, y con toda probabilidad, lo es menos. 

La dihidroestreptomicina es tambidn bien tolerada por los enfermos hiper- 
sensibles a la estreptomicina. Cinco enfermos la recibieron a dosis hasta dc 
2.0 gramos diarios sin la menor reaccidn advorsa en ocasiones en que la hiper- 
sensibilidad a la estreptomicina se hallaba bien patente. 

En los doce casos de tuberculosis pulmonar descritos ahora, los resultados tera- 
p^uticos se consideraron tan huenos como los obtenidos con la estreptomicina. 
Durante el tratamiento con la dihidroestreptomicina, han aparccido cepas rc- 
sistentes de bacilos tubcrculosos de la misma manera quo con la estreptomicina. 
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Cepas muy resistentes, que no inliiben 1000 microgramos de un compuesto por 
cc., son iguaknente resistentes a] otro. 

La dihidi-oestreptomicina debe, por lo tanto, resultar litil en el tratamiento 
de los pacientes que no pueden, debido a la hipersensibilidad, tolerar la estrepto- 
micina. La naenor neurotoxicidad del derivado tambife indica que es preferible 
a la estreptomicina para el tratamiento de los enfermos que exigen dosis grandes 
o series prolongadas de este elemento antibacteriano. 
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INTRODUCTION 

It has been predicted on manj' occasions during tlic past eight 3 'cars that an 
ever increasing series of clinically useful drugs would appear as a result of the 
growing interest in antibacterial drug thcrapj' of tuberculosis. The first of tho-se 
drugs was “promin” (a derivative of diaminodiphcnj'lsulfonc). which appcarwl 
in 1940 and is still being utilized clinicalh'. sfrcptomj’cin was developed 

in 1944, it was found to be less toxic and more ctTectivc than promin or an\* of 
the other aniitabercuhsts drugs. It now has Ix^conic ireognfzed ns an indispen- 
sable aid to the medical and surgical treatment of main* tj'pc-S of tulKTcuIosis. 

Two principal handicaps to more vudcsprc-ad utilization of streptomycin in 
tuberculosis have appeared: ( 1 ) the frequent emergence of slreptom\'cin-rc.rist- 
ant strains of tubercle bacilli; and (£) lo.vic manife.‘*tations profluced In* .‘•tnep- 
tomycin which freqvjcntly arc uncomfortable and at times are {-e-vere and (lirabling. 

Nouroloxic manifestations of streptomycin Ihcrap.v arc almost unifonnl.v 
observed in patients when larger do.«es (40 mg. or more per kg. of br>d\* weight 
per day) arc administered for a few weeks. These reaction.^ wore de.«crik'd in 
the first reports concerning streptomycin therapy in elinic.al lulx’mjlo’ds (1). 
Most prominent among thc.se toxic reactions i.s the damage to the vr tibnl.ar 
function of the eighth cranial nctve. IMicn the daih* dose of stmptomycln i-s 
rcdvicctl (to less tlum 20 mg. per kg. of body weight), tiles'^ oxinptom'-- aw 
obwn'cd in onlj* a minoritj* of p.atienl.s trcatcsl, but it is not .alwnwt posdhle to 
pn'dict which patients will bo atTecte*,!. M.nnj* phy.sjt'i’ins Ivdiew ih.a*. 
lower dosage ranp^s aw equallv* etTective in tlio lwatm''nt of tukrruto-;'', 
e.sppciall3’ those t.vi>es of tuberculous di.s<’.a.'--e ‘.vliich n--j)ond most promjJtly to 
sf)OC)fic tliorap}'. It has not been demonslr.ate<l <>'inr'ltjff;vrly, hnwewr. that 
these lower dosage levels aw ndequ.afe to me^t romr* rliniea! .ritu.atit^n® in v-hirh 
the patient might be benefited by larger dosass. i'urtheunew, many plivdeian*' 
have exprcie-M'd the nee<l for ji drug with a 'rid'-r rn.argin of tafr'y than : wl 

by streptomycin. 

Arc(miingl\‘. .an invcstig.'itinn to determine the clinira! of djiiytlni-.- 

flwptomyein* wa-* undert.akf n e.arly in 19 SS. after the efTt'ctsVi ne-.-- of the dw? 
ng-aii'.'-'t e.vfvrjmental lulvTctilo-ds Ivtd demon- tr.-stoi rjijrir.g the pw* r u* 
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year in this institution (2). Although the number of patients treated remains 
small, the results have been sufficiently uniform to justify the publication of 
this preliminary report and to indicate that dihydrostreptomycin possesses 
certain advantages over streptomycin for the treatment of tuberculosis. 

CLINICAL INVESTIGATION 

Dihydrostreptomycin has been administered to 14 patients, 13 of whom were 
suffering from tuberculosis of various t 3 T)es, as indicated in table 1. The table 
also indicates the amounts of dihydrostreptomycin administered and the results 
observed. If similar doses of streptomycin had been administered, it is believed 
that in most of these cases s 5 Tnptoms of drug toxicity would have developed. 
The dihydrostreptomycin utilized in these studies was of a purified type which 
the manufacturers stated was comparable in purity to present-day conunercial 
streptomycin. 


TOXICITY OF DIHYDROSTREPTOMTCIN 

Neuroioxic manifeslations: The only case in which any evidence of severe nerve 
damage developed was case 14 (table 1), in which the patient first received 2.8 
gm. of streptomycin per day for eight days and the usual early and acute evi- 
dences of vestibular nerve damage produced by streptomycin developed. After 
a lapse of fourteen days, streptomycin treatment was attempted again but was 
discontinued after three days (2.0 gm. per day) because of severe vertigo. Six 
weeks later, 3.2 gm. of dihydrostreptomycin per day were administered. After 
twenty days of such treatment, severe dizziness was noted. The labyrinths 
reacted normally to caloric stimulation before dihydrostreptomycin treatment 
was started and were very sluggish after treatment was completed. It should 
be mentioned also that this patient manifested renal insufficiency with an eleva- 
tion of the level of blood urea (to 140 mg. per 100 cc. of blood) and that an es- 
timation of dihydrostreptomycin content of blood serum yielded the extremely 
high level of 320 micrograms per cc. of serum. Nevertheless, the observations 
afford evidence that dihydrostroptomycin may produce neurotoxic phenomena, 
provided sufficiently high blood levels are attained. 

A second patient (Case 2) developed mild sjmptoms of vestibular dysfunction 
after forty-two days of treatment with diliydrostreptomycin (3,0 gm. per day). 
Treatment was discontinued and sjTnptoms disappeared within a Aveck, but 
caloric tests revealed moderate hypoactivity of the vestibular apparatus. 

In no other case did any subjective or objective evidence of ncr\’^e damage 
develop. No other patient complained of dizziness, vertigo, tinnitus, deafness, 
paresthesias or A-isual difficulties. Tests of vestibular function, utilizing the 
quantitative caloric method of Kobrac, were done on all patients during treat- 
ment (usually everj' two weeks) and at the conclusion of treatment (except for 
case 6, in wliich treatment w.aa completed elsewhere). 

Allergic manifcstalions: It has long been suspected (3) that there may be 
some relation between allergj' to streptomycin, vestibular dysfunction, and the 
eosinophilia which is so frcquentlj' obserA'cd during strcptomj'cin treatment. 
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Repeated differential blood counts (usually once each week) were carried out on 
all patients receiving dihydrostreptomycin. In no instance did any eosinophilia 
develop in excess of 5 per cent. 

In no case did any drug rash or other e\ddence of allergic response to dihydro- 
streptomycin develop. One patient (case 11), who was highly sensitive to 
streptomycin (manifested by drug fe%^er and exfoliative dermatitis), tolerated 
dihydrostreptomycin without any difficulty. 

Other observations on toxicity: Studies of liver function were carried out in 10 
of these patients during the coiUBe of dihydrostreptomycin therapy (sulfobromo- 
phthalein sodium dye retention test and cephalin-cholesterol flocculation test) 
and no evidence of hepatic damage due to treatment was revealed. Repeated 
urinatyses and blood urea determinations showed no abnormality that could be 
attributed to dihydrostreptomycin. Hemoglobin estimations, erythrocyte and 
leukocyte counts, and differential blood counts were performed periodically 
(usually once each week) and no evidence of damage to the hematopoietic 
system by dihydrostreptomycin was obtained. There were no gastro-intestinal 
symptoms which could clearly be attributed to dihydrostreptomycin therapy, 
although two patients (cases 7 and 10) complained of abdominal distress ndth 
gaseous dj^spepsia which was relieved when treatment was stopped. 

Irritation at the injection site:^ The dihydrostreptomycin utilized in these studies 
appeared to cause somewhat more pain and soreness at the site of intramuscular 
injection than is customarily observed from the administration of streptomycin 
on this service. Patients who have received both drugs agree that this dihj'-dro- 
streptomycin was more irritating than streptomycin. In no instance was it 
considered necessary to discontinue the regular administration of the drug be- 
cause of these reactions. 

Irritation ‘produced by intrathecal injection: Each of the 3 patients who had 
tuberculous meningitis (cases 7, 8 and 9) received dihydrostreptomycin intra- 
thecally in doses of 50 mg. every forty-eight hours. In each instance it was 
necessary to discontinue intrathecal therapy after two to fourteen injections 
because of e^^dence of spinal cord irritation and cerebrospinal fluid block. 
Patient 7 has e.xperienced an excellent clinical remission, although he has recei%'ed 
only two injections of diliydrostreptoraycin (50 mg. each) intrathccaliy and six 
injections of streptomycin (SO mg. each) by' this route, in addition to the intra- 
muscular injections indicated in table 1. A fourth patient with tuberculous 
meningitis, who is not listed in table 1, received diliydrostrcptomycin intra- 
thccaliy and streptomycin intramuscularly. The usual symptoms of vestibular 
dysfunction, apparently as a result of the streptomycin, developed, as well as 
very' sci'erc reactions from the fourteen intrathecal injections of dihy'drostrep- 
tomycin which he received. The latter reactions resulted in partial paraplegia, 
urinary incontinence, fecal incontinence and a "saddle” type of cutaneous 
anesthesia. After a partial clinical remission of several weeks, his symptoms of 
meningitis recurred and he died. 

• Since the preparation of this manuscript, recent lota of clihydrostrrptomycin received 
from the same m.anufaclurcr have apparently produced no more irritation at the injection 
site than is usually obscr^-ed following injections of similar amounts of streptomycin. 
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The intrathecal injection of dihydroslrcptomycin is not recommended unless a 
method is found to reduce this apparent factor of chemical irritation. 

SVmiAXiy AND CONCLUSrOXS 

Sufliciont evidence has been accumulated to indicate that dihydrostreptomycin 
is an effective drug for the treatment of some types of clinical tuberculosis. Its 
activity is probably similar to that of stroptomj'cin but it is clearly much less 
toxic than streptomycin when given in comjxarablc doses for similar periods. 
Most significant is the fact that dihydroslrcptomycin may be administered to 
patients in doses of 2.0 to 3.0 gm. per day for sixty das's, or perhaps longer, uith 
lit tle danger of producing impairment of function of the organs of equilibration. 

The fact that dihydrostrejhomycin may be administered to some patients 
who are markedly allergic to strcptomj’cin and the fact that eosinophilia has not 
been obser\'ed in this series of treated patients may be important. 

The onlj*^ unfavorable attribute of dihj'droslrcptomycin which was noted was 
irritation of the tissues at the site of injection. The irritation is appreciably 
more severe than that produced by strep tom 5 ’-cin. Intrathecal injection of 
dih 5 ’drostreptomycin is not recommended for the treatment of meningitis unless 
a less irritant form of the drug can be produced. Patients udth meningitis 
treated -with dihydrostrcptomj'cin might be given purified streptomycin intra- 
thecally. 

The series of patients reported on here is not sufficiently large, nor is the period 
of observ’ation sufficionlly long, to have revealed all of the possible toxic poten- 
tialities of dihydrostrcptomycin. 

SUAIAJIIO Y CONCLUBIONES 

La Adminislracidn Cllnica dc Dihtdroeslreplomicina cn la Tuberculosis. 

Informc Preliminar 

Ya se han acopiado suficientes datos indicatives de que la dihidroestrepto- 
micina es una droga eficaz para el tratamiento de algunas formas de tuberculosis 
cllnica. Su actividad es probablemente semejante a la de la estreptomicina, 
pero es manifiestamente mucho menos td.xica cuando se administra a dosis 
comparables durante perlodos de tierapo semejantes. De lo mds importante 
es que puede administrarse a dosis de 2.0 a 3.0 gm. diarios durante 60 dlas, y 
quizes mis, con poco o ningtin riesgo de afectar la funcidn de los drganos del 
equilibrio. 

Pueden revestir importancia el hecho de que puede administrarse dihidro- 
estreptomicina a algunos enfennos que son decididamente alirgicos a la estrepto- 
micina y el hecho de que no se ha observado eosinofilia en esta serie de enfermos 
tratados. 

El dnico atributo contraproducente de la dihidroestreptomicina que se ob- 
servara consistid en irritacidn de los tejidos en el sitio de la inyeccidn. Esa 
irritacidn fud apreciablemente mis intensa que la producida por la estreptomicina. 
Hasta que se obtenga una forma menos irritante de la droga, no se recomienda la 
inyeccidn intratecal de dihidroestreptomicina para el tratamiento de la meningi- 
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tis, Los meningiticos tratados con dihddroestreptomicina pueden recibir por 
via tecal estreptomicina purificada. 

La serie de pacientes aqui descrita no es suficientemente numerosa ni el periodo 
de observacidn suficientemente largo para revelar todas las posibles poten- 
cialidades tdxicas de la dihidroestreptomicina. 
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THE DISTRIBUTION OF DIHYDROSTREPTOMYCIN IN 
VARIOUS BODY FLUIDS 

LOUIS LEYIN',» DAVID T. CARR‘ and FORDYCE R. HEILMAN* • ‘ 

INTIlODUCnON 

The preparation of diliydrostreptora 3 'cin^ bj’’ the catalytic reduction of strep- 
tomj'cin was described independently by Peck and co-workers (1), Barts and 
co-workers (2), and Fried and Wintersteiner (3). This compound was foimd to 
be more stable than streptomycin by the foregoing workers, and Youmans (4) 
and Donovick and Rake (5) found it to be effective in vitro against the H37Rv 
strain of tubercle bacilli. Feldman and his associates (6) found this drug to be 
as effective as streptomj'cin against experimental tuberculosis in guinea pigs, and 
preliminary studies by Hinshaw and his co-workers (7) seemed to show that 
dihydrostreptomyem suppressed tuberculosis in man to about the same degree 
as did streptom 3 ’'cin. 

In contrast to streptomj'’cin, the usual doses of dihydrostreptomyem did not 
cause vertigo to develop. Therefore, it seemed wise to study the concentrations 
of dihydrostreptomycin in the blood and the other body fluids in order to deter- 
mine if the absence of sjTnptoms of neurotoxicity w’as due to low concentrations 
of the drug. 

The determinations were performed by a modification of the cup plate method 
of assay (8). The test organism used was the SM strain of Staphylococcm 
aureus. The dnig was always given intramuscularly in a concentration of 0.2 
gm. per cc. of distilled water. 


OBSERVATIONS 

Concentration of Dihydroslreptomycin in the Blood 

In tables 1, 2 and 3 may be seen the concentration of dihydrostreptomycin 
in the blood serum at various time intervals after the intramuscular injection of 
different doses of the drug. It -will be seen that the concentration is greatest 
about one hour after the injection and then gradually falls. Significant quan- 
tities of the drug are found in the blood, however, for twenty-four hours after the 
intramuscular injection of either 1.0 or 2.0 gm. 

Placental Transmission of Dihydroslreptomycin 

In table 4 may be seen the concentration of dihydrostreptomycin in the mater- 
nal and fetal bloods at varying intervals after the intramuscular injection of 1.0 

* Fellow in Medicine, Mayo Foundation, Rochester, Minnesota. 

* Division of Medicine, Mayo Clinic, Rochester, Minnesota. 

* Section on Bacteriology, Mayo Clinic, Rochester, Minnesota. 

* With the technical assistance of Faith Saiki and Dorothy Rose. 

* The dihydrostreptomycin utilized in these studies was supplied by Merck & Co., Inc. 
Rah way, New Jersey, through Dr. J. M. Carlisle and Dr. A. Gibson. 
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gm. of the drug. The drug passed through the placentnl membrane in significant 
quantities, although in no case vras the concentration in the fetal blood equal to 
that in the maternal blood. 


TABLE 1 

Dihydrostreptomycin in blood serum of patients receiving 1.0 gm. intramuscularly 


l'A-nZ>'T 

WEIGHT, EG. 

TQos IK norms atizz nfjEcrrox 

^ i 

6 

n j 

IS 

24 

36 i 

4S 

1 

65.9 

47.2* 1 

1 

12.6 

3.6 

3.37 

1.75 

0 

0 

2 

44.5 

62.S 

13.6 

4.3 

2.1 

1.45 

0 


3 

70.9 j 

54.4 

8.6 

3.31 

1.45 

0 



4 

66.8 j 

43.0 

39.2 

4,55 


1.05 




• In niicrograms per cc. 


TABLE 2 


Dihydrostreptomycin in blood serum of patients receiving 1.0 gm. intramuscularly every 

twelve hours 


PATIEKT 

WEICrtT, EG. 

1 

1 TtlJCE IN nOtntS ATTTX tASt DOSE 

1 1 

3 

6 


S2 

1 

52.7 

57.6* 

42.4 i 

29.2 

1 

15.2 

1 

52.7 

56.0 

54.9 

26.4 


11,2 

2 1 

60.4 

45.6 

29.6 1 


10.6 

4,8 

2 

60.4 

54.4 

30,4 

14.4 


6.9 

S 1 

97.7 

40.0t 1 

33.6 j 

21.6 


G.S 


* In micrograms per cc. 

1 Lours after last dose. 


TABLE 3 

Dihydrosircptomycin in blood scrum of patients receiving S.O gm.” intramuscularly 


TAtXTMr 

WEI CUT, EC. 

itifn IK Horxs Arm DJ^renoK 

1 i 

3 

! 

23 i 

1 

IS 

24 

1 

97.7 i 


70.4 

31.2 

■n 

7.6 

3.9 

2 

C0.4 


S0.6 

29.6 


6.6 

2.5 

3 

55.9 

j 177.6 ! 

91.2 

34.4 

HbI 

6.0 

1 2.62 


• Patients received 1.0 gm. intramuscularly twelve hours prior to start of thi.s study, 
■f In micrograiM per cc. 


Dihydrosircptomycin in the Cerebrospinal Fluid 

The concentration of dihydrostreptoroycin in the cerebrospinal fluid of patients 
receiving this drug by intmmu-scular injection is shown in table 5. Patients 1 
and 2 of table 5 were being treated for tuberculous meningitis. Tlicsc data show 
that in the presence of tuberculous meningitis dihydro.strcptomycin passes 
through the meninges into the cerobro.spinal fluid in significant amounts when 
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the drug is given by the intramuscular route only. It is not yet known, however, 
whether dihydrostreptomycin administered solely by the intramuscular route is 
adequate to control tuberculous meningitis. Experience on this service suggests 
that dihydrostreptomycin is more irritating to the meninges than is streptomy- 
cin. As it is thought that patients with tuberculous meningitis should be treated 
by both the intramuscular route and the intrathecal route, the practice at present 
is to administer dihydrostreptomycin intramuscularly and streptomycin intra- 


TABLE 4 

Placental transmission of dihydrostreptomycin 


CASE 

TIME OP INJECTION OP 
DIHYDROSTBEP- 
TOMVCIN* 

TIKE OP COLLECTION 

CONCENTRATION OF DIHVDRO- 
STREPTOMYCINt 

Cord blood 

Maternal blood 

Cord blood 
serum 

Maternal blood 
serum 

1 

12:15 a.m. 

12:55 a.m. 

1:20 a.m. 

7.0 

38.4 

2 

4:15 p.m. 

5:58 p.m. i 

6:08 p.m. 

20.6 

43.6 

3 

3:07 a.m. 

3:55 a.m. j 

4:05 a.m. 

2.4 

22.4 


♦Dose, 1.0 gm. 
t In micrograms per co. 


TABLE 6 


Dihydrostreptomycin in cerebrospinal fluid after intramuscular injection 


PATIENT 

1 

DOSE 

1 

WEIGHT, KG. 

TXUE APTER LAST ' 
DOSE 

CONCENTRATION 07 
©rHYDROSTEEPTOKYCIN* 

Blood serum 

Cerebrospinal 

fluid 

1 

1.0 gm. every 12 hours 

56.8 

30 minutes 

36.8 

10.4 

2 

0,25 gm. every 12 hours 

7.7 

3| hours 

20.2 

6.0 

2 

0.25 gm. every 12 hours 

7.7 

2 hours 

26 

13.1 

3 

1.0 gm. 

84.1 1 

18 hours 

2.0 

1.5 

4 

1.0 gm. 


20 hours 

1.5 

1.3 

5 

1.0 gm. 


21 hours 

1.05 

1.5 

6 

1.0 gm. 


21 hours 

1.2 

1.25 


♦ In micrograms per cc. 


thecally. Further investigation must be carried out to determine whether or not 
the intrathecal administration of either drug is necessary. 

Patients 3, 4, 5 and 6 of table 5 were being studied for neurosyphilis and had 
no sign of inflanunation of the meninges. 

Dihydroslreptomycin in the Pleural Fluid 

The few data in table 6 suggest that dihydrostreptomycin passes freely into 
the pleural fluid when the drug is given intramuscularly. Patient 1 of table 6 
had a bloody pleural effusion probably due to metastatic carcinoma. Patient 
2 of table 6 had tuberculous pleurisy with effusion. 
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Excretion of Dihydrosireptomycin in the Urine 

The excretion of dihydrostreptomycin in the urine was measured by collecting 
twenty-four hour samples of urine from patients who were receiving 1.0 gm. of 
the drug intramuscularly every twelve hours. The data in table 7 show that the 
drug is excreted in large quantities in the urine, 70 per cent or more of the dailj’^ 
dose being present in each twenty-four hour sample. 

COMMENT 

Comparison of these data on dihydrostreptomycin with those presented by 
Heilman and co-workers (9), Zintel and co-workers (10), Buggs and co-workers 

TABLE 6 


Dihydroslreptomyctn in pleural fluid after intramuscular injection 


PATIEST 

TTXicnT, ro. 

TOtK ATTER IKJECTlWi, 
noOTts* 

comccKisAiioN or pnrvBsos-nuiPTOstvaxl 



Blood tenun 

1 Pleural fluid 

1 

53.6 

18 

3.35 

2.75 

2 

96.3 

24 

3.3 

i 

i 5.S 


* Dose, 1.0 gm. 
t In micrograms per cc. 


T/IBLE 7 


Urinary cxcrcfton of dihydrosirepiomyein* 


PXTttKT 

votuur. Of URINE IN 
TWENTY-roUR HOURS 

CONCENTRATIOK Of 
DmvusoSTRrpTOJn'CiNt 

rKTNTY-Pomt nou* 
EXCRETION 


<€, 


tn. 

1 

1,050 

1,843.2 

1.935 

2 

1,595 

1,331.2 

2.12 

3 

1,000 

1.40S.0 

1.4 

4 , 

2,100 

844. S 

1.73 

5 

1,S75 

1,120.4 

2.11 

6 

2,100 

GC5.6 

1.397 


• Dose, 1.0 gm. cverj’ twelve hours, 
t In micrograms per cc. 


(11), and Anderson and Jewell (12) on the distribution of streptomycin suggests 
that the two drags arc absorbed, distributed, and excreted in a very similar 
pattern. Tlie greatest concentration of c.ach drag is found in the blood about 
one hour after intramuscular injection. A .satisfactory- comparison of the per- 
sistence of the two drugs in the blood cannot be made as the concentrations of 
strcptomj’cin in the blood were followed for a shorter period than the concen- 
trations of dihydrostreptomycin. .-Vnderson and Jewell did find, howcv-cr, that 
2.0 to 5.0 microgram-s of streptomycin per cc. were pre.'^nt in the blow! serum 
twelve hours after the intramuscular injection of doses of 0.6 gm. Ihe di.-tri- 
bution of the two drags in the variou.s body fluids .<;eems to be comp-arable. both 
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drugs passing into the fetal blood, the pleural fluid, and the cerebrospinal fluid. 
Both drugs are excreted in the urine in large quantities. The streptomycin 
studies revealed that up to 90 per cent of the total daily dose was present 
in a twenty-four hour specimen of urine. The present studies revealed an even 
higher per cent of dihydrostreptomycin to be present in the urine. 

With such large concentration of dihydrostreptomycin in the blood and its 
presence in all the body fluids studied, it seems likely that the absence of neuro- 
toxicity must be an inherent characteristic of the drug and not due to an inade- 
quate concentration of the drug. 


sunniARY 

1. After the intramuscular administration of dihydrostreptomycin, the drug 
was rapidly absorbed into the blood, the greatest concentration being reached 
in about one hour. 

2. Significant quantities of the drug were present in the blootl for twenty-four 
hours after the intramuscular administration of 1.0 or 2.0 gm. 

3. The drug passed through the placental membrane and was found in the fetal 
blood. 

4. Dihydrostreptomycin was found in significant quantities in tlie pleural 
fluid and the cerebrospinal fluid of patients who had received the drug by intra- 
muscular injection. 

5. The drug was excreted in largo amounts in the urine, 70 per cent or more of 
the daily dose being present in each twenty-four hour sample. 

6. The absorption, distribution, and excretion of streptomycin and dihydro- 
streptomycin are very similar. 

7. Absence of symptoms of neurotoxicity after intramuscular administration 
of dihydrostrcptom 3 'cin cannot bo attributed to low concentration of the dnig 
in the blood. 


SUMAIUO 

Dislribvcidti dc la Dihidroestrcplomicina cn Varios Humorcs Orgdnicos 

1. Dcspu6s do la administracidn intramuscular dc dihidrocstrcptomicina la 
droga fu6 absorbida r/lpidamcnte cn la sangre, alcanzilndose la conccntracion 
mdxima aproximadamente cn una hora. 

2. Hubo presentes cn la sangre cantidadcs .significativas do la droga por csp.acio 
do 24 horns despnds do la administracidn intramuscular dc 1.0 6 2.0 gm. 

3. La droga atravesd la mombrann placcntaria j* fu6 cnconfmda cn la .s^ingro 
fetal. 

4. La dihidrocstrcptomicina futi dc.'icubiorta cn cantidadcs signifieativ.as on ol 
Itquido pleural y cl Ifquido cofalorraqufdeo do Io.s enfermas quo la hnhf.an roribido 
intnamusculanncntc. 

a. La droga fud excrctada cn grandes canlidadc.« cn la orina. oncr)ntrlp.do'’f 70 
por cinnto 6 m.*is do la do.«i.s diaria cn cada mucstra dc 24 horas. 

0. Da ab.coiridn, di.'^trilnicidn cxcrccidn dc la rsfrrplomirin.a y l.a difudn*- 
r.'Jtreptomicina son muy .■^emejanles. 
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7 . La falta de sintomas de neurotoxicidad consecutivos a la admiaistracidn 
intramuscular de diliidroestreptomicina no puede ser imputada a la baja concen- 
tracidn de la droga en la sangre. 
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THE RESDLTSOFSANATORIUMTREATMENTAND COLLAPSE THERAPY 

F. A. H. SIMMONDS* and W. J. MARTIN^ 

INTEODTTCTION 

Much money is spent by authority and much time by patients in the institu- 
tional treatment of pulmonary tuberculosis. Whether the results are good or 
bad, some expenditure is necessary for the medical care of those who have no 
resources for such care at home. Moreover, the sanatorium and the methods of 
active treatment used make some claim to do more than provide simple medical 
attention. Hence it is desirable to review the results achieved, especially since 
it is now some years since the researches concerning patients treated at Frimley, 
Midhurst, Bradford and London have been published. Knowledge of the disease 
and methods of diagnosis and treatment have so changed during this time that 
added force is given to the demand for more information on this subject. Diag- 
nosis has become more exact than in the times of previous reports when the help 
of radiology was not available or was uncertain. Formerly treatment was 
largely limited to a period spent in a sanatorium, devoted to an active exercise 
program with short daily periods of rest. Now rest may be adopted for many 
months and the patient may be subjected to extensive interference by surgical 
methods, probed by psychologists, and may undergo a careful and lengthy re- 
habilitiation. This last phase bears some relationship to the former sanatorium 
treatment, but in other ways treatment now includes a much wider range. 

It is true that this active policy is not applied to all patients. Physicians 
have increasingly recognized that many minim al or even some advanced lesions 
will make good progress to healing without treatment at all. Furthermore, it is 
appreciated that such a healing process may occur without diagnosis at the time 
of activity and may be revealed only later by a routine clinical or radiological 
examination. It is known that a certain group of “good chronics” are able to 
lead a life of considerable activity and usefulness for many years, though carrying 
serious lesions in the lungs and expectorating tubercle bacilli. Nevertheless, 
pulmonary tuberculosis in general remains a serious disease with a high fatality 
rate. Where tubercle bacilli have been found in the sputum, only a quarter to 
a third of the patients survive the diagnosis by five years (1, 2, 3, 4). 

In England, no estimate of the results of sanatorium treatment of the patients 
admitted to public sanatoriums has appeared for ten years. Bentley (5) re- 
ported the pneumothorax experience of the London County Council and, as a 
control series, referred to sanatorium patients discharged to that authority and 
followed for five years. Vallow (6) in Bradford also reported on patients of 
that city who were not specially selected. In contrast, reports (7, 8) from Frim- 
ley and Midhurst indicated that their patients were carefully chosen. 

' Medical Director, Clare Hall County Hospital, South Mimms, Barnet, Herts, England. 

- Medical Research Council’s Statistical Staff, London School of Hygiene and Tropical 
Medicine. 
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Since the time of the earlier reports, treatment has been made available 
through the local authorities for a large proportion of the population. Thercf 
are now some 25,000 beds available for pulmonary cases, as compared with the 
relatively few private sanatoriums of forty years ago. It is important to know 
whether this expenditure on the more extensive provision of institutional treat- 
ment has value. In investigating the outcome for patients at Clare Hall, a 
sanatorium maintained by Middlesex County Council, it is also possible to 
consider the effect of an increasing use of collapse therapy, in combination with 
rest and convalescent regimen. 

CLINICAI. MATERIAL 

The data for the present investigation are derived from tlie records of 3,833 
persons discharged from Clare Hall Coimty Hospital during the nine years 
1937 to 1945. These patients were admitted from the County of Middlesex 
and were mainly derived from industrial working class or “black-coated” workers 
and their families. No “distressed areas” existed in the County. Conversely, 
persons in favourable economic circumstances and those able to pay for their 
own treatment were rarely admitted. There is a relatively small rural popula- 
tion, most of the inhabitants li\'ing in suburban or urban communities. 

Active forms of treatment were very little practised before the period of tlie 
inquirj*, but were introduced in 1937 and have been increasingly emploj'cd dur- 
ing .subsequent years. Among the patients considered 1,819 (47.5 per cent) 
underwent collapse therapj’’, which includes pneumothorax and pneumoperi- 
toneum, e\'ulsion of the phrenic ner\’c, and major surgical collapse treatment, 
including thoracoplasty and extrapleural pneumothorax. Simple crusliing of 
the phrenic nerve, unaccompanied by other forms of active treatment, is not 
considered in this paper as collapse therapy and only a verj’ small proportion 
of the patients received this treatment alone. The classification used is the 
Ministry of Hcaltli grouping (table 1) into TB negative (or A), and TB -f- 1, 
TB -h 2, and TB -h 3 (or Bl, B2, and B3). It is assumed that these categoric.-? 
arc well known and the}’ have the advantage of being comparable with those in 
.some similar investigations. The distribution of the discharged patients by age, 
sex, and condition on admission may be seen in table 2. 

It w.as found that a continuous change in the distributions of age, sex and con- 
dition on admission took place during the period under review. As a conse- 
quence the patients at the end of the nine years were on the average younger 
and contained a lower proportion with advanced disc.ase, and the sex ratio had 
bt'cn reversed so that a preponderance of m.alca had cluangcd to a greater pro- 
po.-tion of fera.alcs in the discharged patients (tables 3, 4, 5). 

The aver.igc lengUi of residence in Clare Hall of patients dheharged m.ay be 
.seen in table 4. In Septe.mber 1939 there was premature discharge of a group of 
patients on account of the outbreak of war, and for this reason abo the number of 
hed-s available and patients admitted ^e.^c Iwlow norm.al in 19 50. On the whole, 
however, hospital accornraoJation was increased, the total number of bcd.« rising 
from 192 in 1937 to nearly .500 in 19-55. Tlie If'ngth of st.ay of pat!''nt5 ha* Iwen 
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TABLE 1 

Brilish Ministry of Health classification (pulmonary tuberculosis) 


TB minus (TB—) 
TB plus (TB+) 
Group 1 (TB + 1) 

Group 3 (TB + 3) 


Group 2 (TB + 2) 


Pfttients in whom tubercle bacilli have never been discovered. 

Patients in whom tubercle bacilli have at any time been found. 

Patients with slight or no constitutional disturbance in whom the 
disease is limited to one lobe or a corresponding amount. 

Patients with profound systemic disturbance or constitutional 
deterioration and marked impairment of function, local or gen- 
eral, and ndth little or no prospect of recovery. This group 
includes all with grave complications. 

All patients not classified in group 1 or group 3. 


TABLE 2 



IXAIXS 1 

reUALES 

COVDinON* OS j 
AOmSBIOS j 

Age on admission 

Age on admission 



ss 

to 44 i 

45 

to 54 

55 and 
over 

Total 

15 

to 24 

25 

to 34 

35 

to 44 

45 

to 54 

55 and 
over 

Total 

TB - 

13S 

SO 

54 

24 

9 


214 

116 

32 

17 

2 

381 

TB -f- 1 

59 

31 

19 

S 

2 

BR 

i 62 

34 

13 


3 

114 

TB + 2 

300 

2S9 

1S7 

lOS 

35 

Bui 

324 

312 

117 


1 

779 

TB -f 3 

167 

i 

242 

161 

1 

120 

64 

754 

I 161 

200 

67 


12 

462 

j 

Total — 

1 

664 

1 

642 

421 

260 




662 

229 

66 




TABLE 3 


Change in age distribution and condition on admission 


SEECXHTAOE DIErKIBiniONS 


ACES 



1937 to 1939 

1940 to 1942 

1943 to 1943 

15 to 24 

31.5 

32.3 

43.2 

25 to 34 

31.1 

38.3 

32.6 

35 to 44 

15.1 

16.9 

17.9 

45 to 54 

12.6 


5.5 

55 and over 

9.7 

2.4 

O.S 

CONDinOS ON ADMISSION 




TB - 


19.5 

20.7 

TB + 1 1 

4.6 

4.9 

7.6 

TB -t- 2 

35.6 

38.7 

52.2 

TB -f 3 1 

i 

49.9 

36.9 

19.5 

Percentage of male patients. . 

64.9 

60.4 

46.0 


rising in the later years. This is due in part to the rise in the relative proportion 
of intermediate cases and in part to the recent employment of pneumoperi- 
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toneum on a considerable scale. Owing to the increase of waiting lists, patients 
in recent years have often had longer periods of bed-rest at home or in hospital. 

After history 

The follow-up of patients presented much work and difficulty, particularly on 
account of the war years. Changes of address were frequent and patients were 
dispersed throughout the country. Most of Middlese.^ is the Greater London 

TABLE 4 


Average duration of treatment and number of patients discharged 


YtMt 

PAYS 

1937 

202 

193S 

207 

1939 

1S2 

1940 

160 

1941 

1S5 

1942 

ISO 

1943 

ISO 

1944 

202 

19 !5 

255 


TABLE 5 

A'umhcr of patients discharged each year 


TCZAX. 

JUIX 

rxuAU 

1937 

1S2 

101 

193S 

ISl 

98 

1939 

204 

lOS 

1940 

197 

129 

1911 

2G0 

15S 

1912 1 

2,53 

17S 

1913 

.323 I 

342 

1914 

273 1 

327 

1915 

1 1 

295 

Total 

! 2.097 

1 1,736 


urb.an development and p.aticnts are casilj- lost in the numerous raovas which 
m.ay be undertaken in the metropolitan arc.a. In a sm.nll s.'implo of the popuKa- 
tion (about 8 per cent) it w.as found th.at the re.a5on for the removal of lualf of nil 
names from the local tuberculosis register was because of transfers to other dis- 
trict.^. Other efTcct.s of war mu.sl l>e remembered in eon.ridering the figun:^< pre- 
.^entrd. The anxieties arhing from enemy action and the h,ardship of war co.n- 
ditioas must h.avc pLayed an import.ant p.irt in hindering the rccovcrv’ of many 
p,atient.s .and the mju'ntcnancc of gain in health. Ilon.^ing conditio.ns iK'c.arne 
veiy difficult. 
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A follow-up was commenced in 1938. Of the 1,095 males discharged in 1938 
to 1942, a total of 79 (7.2 per cent) were lost from observation at the end of 
three years and the corresponding values for females were 37 (5.5 per cent) 
of 671 discharges. The number untraced at the end of five years: for discharges 
during 1938 to 1940, 48 (8.2 per cent) of 582 males; and 29 (8.7 per cent) of 335 
females. In the following discussion the “lost from observation” have been 
dealt with by giving them the average chance of surviving for their age, sex and 
condition on admission and whether the sputum was positive or negative for 
tubercle bacilli on discharge. The proportion of patients alive at the end of 
three and five years following discharge may be seen in table 6. The values in 

TABLE 6 


Proportion of patients alive at the end of three and five years following discharge 


VEAK or OISCOASGE 

PEOPOETIOK SDEVIVINO THEBE YEAE3 

1 

PIOPOETION StTRVIVIKG T2VE YZASS 

Males 

Females 

Males 

Females 

1938 

43.8 

60.0 

41.3 

56.9 

1939 

62.2 

55.8 

52.6 

49.2 

1940 

63.6 

64.0 

55.5 

54.9 

1941 

73.5 

77.1 

62.0 

' 64.5 

1942 

75.7 

79.7 


1 


TABLE 7 


Percentage standardized survivor ratio three and five years after discharge 


YEAS 

THBF.E YEASS AFXES DISCHASGE 

nVE YEASS ATXEB PISCHAKCE 

Males 

Females 

Males 

Females 

1938 


104.8 

84.4 

123.2 

1939 


80.3 


75.4 

1940 

97.7 

92.6 


96.9 

1941 


104.8 


106.9 

1942 


110.8 




table 6 reveal that there has been a large increase in the probability of surviving. 
It has been shown that the constitution of the hospital population varied during 
the period, for in later years the patients were younger on the average and were 
less seriously affected on a dmis sion. Hence it is difficult to determine from these 
values whether the increase is real or only apparent. To examine this point, the 
series of survivors for three years following discharge have been standardized 
for age and condition on a dmiss ion and the average of the five years 1938 to 
1942 was taken as a standard. The expected number of survivors on this basis 
was divided into the observed number and the ratio expressed as a percentage. 
On this basis the mean is 100 and defects and excesses represent a survivorship 
below and above the average respectively. The results obtained may be seen 
in table 7. Examination of these values reveals that after allowance has been 
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made for age and condition on admission tliere has been a true increase in the 
percentage surviving three years, the gain being more consistent for males tlian 
for females. It is believed that the high values shown in the later years repre- 
sent a more effective use of collapse therapy, as is further discussed below. It 
also happened that in 1938 a verj' high proportion of females underwent collapse 
treatment. An e.vamination by age gave the results which may be seen in table 
S. Young males have a better chance of surnnng than j'oung females but at 
older ages the females have an advantage over the males. This is in accord with 
the general experience that j'oung men do better than women of similar age. 


TABLE S 

Percentage, surviving three years after discharge (l^HS to 194S) 


ACE 

UAU:s 

! 


rrshors 



15 to 24 

i 76.C 

! 


71.5 



25 to 34 

i 71.0 

i 


72. S 



35 and over 

' 51. G 

! 


5S.1 




TABLE 9 

Comparison of results from Clare Hall tcith those from other institutions 


rctioo 

i 

1 rtSCtKTACE Atl\X 

1 Arrei THEEE VEAIS 

rE»CXJ<TACt KLlVt 
Ami nvx «A»* 

Malts 

Fttralts 

lilalts 

Keaialts 

103S to 1942 

Clare Hall 

05.2 

09.4 

53.7 

67.0 

1907 to 1914 

Midhurst 

04.8 

00.0 

53.3 

50.9 

1905 to 1914 

Fritnloy 

00. 1 

75.3 

54.4 

C4.S 

1914 to 191C 

Bradford (Vallow) 

4S.9 

71.7 

1 40.8 

03.7 

192S to 193S 

Durham (Thompson) 

1 35.9 

24. 


1021 to 1920 

I.K)ndon County Council j 





] 

(Bentley) j 



34. 


1014 to 1040 

Rpadinc (Tattcrsall) j 

44 

2 

32.1 


Comparison icUh other investigalions: A comparison of tlie e.tpcrienpc of Clare 
Hal! wi(h the results obtained from other inquiries in England may be seen in 
t.ablc 9. Idle experiences from the various institutions arc not strictly compar- 
j'.hle, as the pDq)ortions in the vaiying stages of the di.sen.sc differ among the 
grotips, and the Chare Hall patients liave the highest proportion of advnncc<l 
re.-io.-. Idle Mitlluirst experience (S) included patients belonging to the profft • 
sitiaa! only, ddie well-to-do and the working industrial ckos.^oj were not 

repn-.v-nte^i. The patients at Frimley (7) were a selectofl el.a's, as they fmA 
pa,--(Hi through a pericxi of observation and treatment at the Brompton Ilospit-al 
and OTilv v.bo were likely to derive benefit from r. eimr.-e of f.T.nalorium 

trwitm'-nt were sent to Frimh-y. No such s''h'ction of was made in B.m'!- 
fonl (t'A but, %vbi!e ih- other investigations were conrinf-l to the pericy] following 


barge, m 


this inquiry the ehanre of .•■urvjvitig thre'* or five ye-r ( v.v.s b.-red i 
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(lie date of commencement of treatment. This difference brings the deaths in 
hospital, wliich are e.xcluded from the other inquiries, into the calculation of 
survivorship. 

In the Bradford, Frimle}’’, and Midhurst inquiries, the proportion of stage 1 
patients approximated 30 per cent and persons with sputum negative for tubercle 
bacilli were included in this grouping and in the stage 2 and stage 3 cases. It 
lias not been possible to make a comparison with the later Brompton reports 
(9) or the Midhurst report (10) as the data are presented in a different fashion. 
The London County Council e.xperience is that of the general sanatorium popu- 
lation. The Durham investigation, while representative of the general popula- 
tion, was based on 406 patients with sputum positive for tubercle bacilli from an 
area where economic conditions were difficult. These various factors doubtless 
account for the large differences in the probability of survival. An unknown 
proportion was treated in sanatoriums but many were too ill, as may be seen 
from the fact that 42 per cent of the patients died within twelve months of diag- 
nosis. The Reading inquiry was also firmly based on positive cases, some of 
whom had sanatorium treatment though few had collapse therapy. 

The chance of surviving three years or five years after discharge appears much 
the same in the Clare Hall experience as for Frimley or Midhurst patients except 
Frimley females, but such a general comparison is of little value without further 
anal 3 ’^sis of the proportions admitted in the various stages. The Clare Hall 
patients were originall}’' classified into TB — , TB 1, TB -f- 2 and TB -f- 3. 
The first two categories have been combined in an attempt to make three 
groups more comparable to the three used in the other investigations although, 
as noted above, in the Frimley and^ Midhurst series all groups contain patients 
who were not expectorating tubercle bacilli. The Clare Hall group 1 patients, 
therefore, include all minim al or “early” cases, together with a contingent of 
more advanced but noninfectious cases. Group 2 consists of patients with 
moderately advanced disease and sputum positive for tubercule bacilli, but who 
exhibit no marked impairment of function. Group 3 consists of far advanced 
infectious cases with marked impainnent of function, local and constitutional. 
Allocation was made chiefly on the effect and extent of the pulmonary disease 
and a prognostic judgment, such as “having little or no prospect of recovery,” 
was not employed. The result of the classification may be seen in table 10. 

The males of groups 2 and 3, the more advanced cases discharged from Clare 
Hall, bad a larger proportion surviving three and five years than among those 
discharged from Frimley and Midhurst. The females did not show such a dis- 
tinct difference although only one group, survivors after five years in group 3 
of Midhurst, had a better experience among the more advanced cases than 
Clare Hall. 

It has already been indicated that selection in favour of the patients admitted 
to Frimley and to Midhurst is probable. Moreover, the years concerned in 
the present investigation were overshadowed by war and social conditions and 
were correspondingly unfavourable. Conversely, weight must be given to the 
possibility that there may have been some comparative social disadvantages in 
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1905 to 1914, -the period of -the Friml^ and 3tIidhuiHt ejperience, altiiongb 
Brolet (11) and oriaers liare put forrard evidence to stiovr that tlie case fatality 
rate has not inaprored vrith the yeais despite the improrement in the general 
tribercnloris d-eatli rate. 


CoUapse iherapy 

Collapse therapy vras employed in 1,819 patients, 47,5 per cent of the vrhole 
series. The distribntion of these patients among the fonr categories may he 


TABLE 10 

Survival r-aluet from four intliiuliont 




•y/T-yr* 


1 

. 

TZXJLIZS* 


Croupl 

Grarpe 

i Groups 

GiTKrpl 

1 GrazpZ 

1 Grn=p3 

Perceatare -of rarrivors three years after discharge 

Clare HaB 

&3.S 

SI. 4 

! 40.4 

92.5 

80.5 

40.0 

AEdh-orst 

87.9 

65.2 

1 32.7 

91.5 

67.9 

40.0 


91.9 

69.1 

1 .35.2 

99.6 

89.4 

34.1 

Beading (male and female) 

91.0 

69.6 

! 39.9 




Percentage of rnrriTors fire years 

after discharge 



Clare Hall 

84.9 

73.6 

1 29.3 

85.8 

69.7 

25.0 

IrEahnrst 

77.1 

52.6 

i 22.0 

87.1 

52.5 

33.4 

PiimleT 

S7.7 

56.9 

i 21.1 

94.4 

67.5 

21.S 

Beading (male and female) 

70.3 

45.9 

! 2S.0 

1 





* (AH Bejzzionuva Iretted vi-tients.) 


TABLE 11 


Diciribution of cases tiibjcalcd to ooTLopte therapy 


! 

croTp { 

Trrrvvyy 

[ 

1 TEECcKTorGtocry 

i 

TB - 

193 

25.7 

TB4-1 

112 

4S.0 

TB-r2 

1,107 

63.2 

TB-1-3 

i ■«>'’ i 

33.5 


seen in table 11, As sevesl forms of collapse treatment berides pneiimothoraz 
~ere used in these patients, it is not posable to obtain ezactiy comparable 
material from the r^orts of other English vr orhers. hlost of these have dealt 
solely vrith pnemnothosax, and only in few cases was dhision of adhesions prac- 
ticed, 

Bentl^ (5) was mainly concerned in his report with the effects of pneumo- 
thorax treatment on prognosis. He analyzed a series of 677 patients who had 
undergone artificial pneumothorax, among whom approximately 4Q per cent 
had ••'complete collapse,'’ i.e., a degree of collapse conridered satisfactoij'. The 
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results were compared mth those obtained from 3,329 patients of the same social 
class discharged in 1927 from sanatorium treatment in the same institutions. 
The latter patients were “conservatively treated” and did not have collapse 
therapy. A comparison of these results with those for patients from Clare Hall 
who had collapse therapy is presented in table 12. 

The patients discharged from Clare Hall had a survivorship rate greatly in 
excess of the London County Council patients who had had artificial pneumo- 
thorax. These in turn had a better survival rate than those patients who had 
only had the more conservative sanatorium treatment. The two series, Clare 

TABLE 12 


Comparison of results after collapse therapy (Clare Hall and London County Council) 



PEKCaHTTACE StniVIVING 1 
! THSEE YEARS i 

1 AITER DISCSAECE 

PrUCENTAGE SURVIVING 
yiVE YEARS 

A3TER DISCSAECE 

Hales 

Females 

Males i 

Females 

Clare Hall (collapse therapy) 

85.1 

82.4 

74.6 

70.5 

London County Council (artificial pneumo- 





thorax) 

57.6 

54.2 

49.0 

45.4 

London County Council (conservative treat- 





ment) 

37.9 

41.8 

! 

28.3 

31.9 


TABLE 13 

Stage of disease in Clare Hall and London County Council patients 


SALES 

1 rcauxES 

L . 

Clare Hall | 

London County Council 

Clare Hall | 

1 London County Council 

Stage on 
admission 

Percentage 

Stage on 
admission 1 

Percentase 

Stage on ad- 
misson 

1 

Percentage 

Stage on 
admission 

Percentage 

TB - 

9.4 

i 

A 

3.9 

TB - 

15.1 

A 

9.3 

TB + 1 

6.0 

B1 

4.6 

TB + 1 

3.6 

B1 

1.9 

TB -h 2 

. 51.4 

B2 

81. 1 

TB + 2 

56.3 

B2 

71.8 

TB -h 3 

33.2 

B3 

10.4 

TB -h 3 

25.0 j 

B3 

17.0 


Hall and the London County Council, differ somewhat in composition as regards 
stage of disease but this is hardly likely to account for the observed differences 
in survivorship, for the former contained more advanced cases of disease. The 
proportions in the various stages of the disease may be seen in table 13. The 
advantage shown by the Clare Hall patients appears to have resulted from the 
fact that these patients enjoyed more modem resources in collapse therapy, 
whereas the older London County Coimcil series included those who had artificial 
pneumothorax which in many cases could not be made into an effective collapse 
measure, and for whom alternative methods were not then available. This sub- 
ject is further considered below. 

Sputum conversion ratio: A useful immediate measure of the success of treat- 
ment is obtained by the conversion ratio, foimd by expressing the percentage of 
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the infectious cases on admission whose sputum contained no tubercle bacilli on 
discharge.® 

The experience of Clare Hall is presented in table 14. As ma}’’ be seen in table 
14, a considerable increase in the proportion discharged with a negative sputum 
has been effected during the period. As in the previous analyses, a simple com- 
parison is vitiated by the changing constitution of the population as regards age, 
sex, and condition of disease on admission during the period. To overcome this 
difficulty, the ratio has been standardized by taking the average for the whole 
period of those patients admitted with a positive sputum by age, sex, and condi- 
tion on admission as the standard. The observed nmnber of conversions was 
expressed as a percentage of the expected; thus ratios over 100 show an improve- 
ment on the average while i-atios under 100 show a defect. The standardized 
conversion ratios show that an improvement has been effected during the period 

TABLE 14 


Spidwn conversion ratio (Clare Hall patienJs) 


VEAJ. 

KTmBEa ADIOTTED WTTSr 

PERCEIfTAGE COS\TR- 

ST.e>-I>AJDlrEI> PESCEMTACE COtO’ESSIOK 

“POSITIVE SPUTCU" 

StOTt RATIO 

RATIO 

1937 

251 

27 

69.6 


1938 

250 

41 

109.6 


1939 

2S6 

36 

75.2 

[91.1 

1940 

275 

39 

87.0 


1941 

333 

53 

109.9j 


1942 

338 

56 

121.1 


1943 

530 

48 

88. 9 

■165.5 

1944 

485 

65 

106.4 

1945 

399 

69 

114.2 



but that annual fluctuations were fairly large. Collapse therapy had been little 
practiced before the beginning of the period but methods were gradual^’’ im- 
proved and it seems of interest to compare the trends of the conversion ratios 
with the proportion of patients undergoing collapse treatment. The standardized 
ratios for the sum of groups -fl, -f-2, -{-3 for both variables are shown in figure 
1. With the exception of 1938, the trends of the two ratios are similar. 

The intermediate case: Reference to table 10 reveals that patients in the in- 
termediate group (TB -1- 2) show special improvement in surrival rate when 
compared vdth the corresponding groups of earlier sanatorium experience. At 
Clare Hall particular stress has been given to the fullest possible use of collapse 
therapy for patients in this group and it is believed that any real improvement 
in prognosis depends on this. Comparison with the Reading patients who, 
like those in the present series, were derived from the general dispensary popula- 

* The criteria of “negative sputum” were as follows: at least three consecutive smears 
negative for tubercle bacilli or the abolition of all sputum for at least six weelcs. In many 
of such patients, gastric lavage was done and a positive finding barred the patient from the 
“neg.-itive sputum’? group. 
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tion and not from more selected persons, brings out this point clearly. Tat- 
tersall (2) notes in regard to his patients, treated in the period 1914 to 1940, that 
the proportion having collapse therapy was small. The effect of collapse ther- 
apy is masked when considering groups TB 1 and TB -f 3. The former con- 
tains a large proportion for whom collapse therapy may be considered by some 
to be mmecessary, while the latter includes many for whom it is impossible. 
Hence a general survey of the survival of the TB -f- 2 group of patients, who were 
followed for five years, provides an opportunity for an evaluation of the effects 
of collapse therapy. Appro.vimately 69 per cent of the Clare Hall patients in 
the years under review here were so treated. All patients treated by any measure 



designed to assist collapse of the lung were included under this heading, with the 
exception of patients whose pneumothorax could be maintained for less than six 
weeks and a few who underwent simple phrenic nerve crush only. All others with 
pneumothorax, phrenic evulsion, thoracoplasty and extrapleural pneumothorax 
were included. Consequently many whose treatment could not be considered 
satisfactoiy are necessarily counted as having “collapse therapy.” All patients 
had careful sanatorium treatment, including bed-rest, for long periods if neces- 
sary. 

Comparative valzie of collapse therapy: How did patients who had collapse 
therapy fare in comparison with those in whom such treatment was not applied? 

The latter include those in whom pneumothorax space could not be found, or 
in whom the disease was considered of unsuitable type, or uncooperative patients. 
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Both classes, it must be remembered, were classified as TB + 2 and hence should 
otherwise be comparable clinically. There were 442 patients of TB + 2 group 
followed for at least five years and the results are presented in table 15. As col- 
lapse therapy was used in seven out of ten persons, it is clear that its use was not 
restricted to specially favourable cases, although it was not used in 39 patients 
who were thought likely to do well without it. It seems fair, therefore, to say 
that patients in this group treated by collapse measures had a doubled chance 
of survival as compared wth their fellows. Moreover, it is found that those who 
live for five years after such treatment have a high chance of being fit and able 
to work, while a greater proportion of invalids is found in the other class. 

Even so, comparison of those treated by collapse measures with those for 
whom such treatment was impossible may be considered as of questionable value. 
For well-known reasons the latter are very frequently an unsuitable control 
series. They have perhaps more serious disabilities {e.g., an obliterated pleura), 
do not have the advantage of constant attendance for review, and are likely to 


TABLE 15 

Comparative value of collapse therapy 



j 

rsitsoKS 

j sravjvoss AT rivE yeaes (rsE cekt) 


Males 

Females 

All 

Collapse therapy employed 

306 

! 81 

77 

79 

Collapse therapy not applied 

Collapse therapy not attempted 

97 

39 

i 42 

35 

39 


4-12 

1 

I 




be less cooperative. In the present series these disadvantages are offset to some 
extent by the high proportion submitted to treatment. Moreover, this large 
group contained mans’- whose collapse could not be considered satisfactorj’', but 
all were included as great difficulties are encountered if selection of only more 
favourable cases is allowed. It is helpful, however, to compare the collapse 
therapy treated group with a similar TB + 2 group treated before collapse ther- 
apy became more widely used, vdthout pretending that the latter, is an exact 
control group. Thus the 79 per cent survival ratio may be compared with Read- 
ing (45.9 per cent) and the more selected Friraley and Midhurst groups (approxi- 
mately 60 and 52 per cent respectively). In the London County Council series, 
306 patients classified as TB + 2 had pneumothorax treatment and 157 (51.3 per 
cent) survived 5 years. The survival of all patients treated by collapse therapj' 
has already been compared with the survival of the London County Council 
patients who received sanatorium treatment only (table 12). Edwards (12) 
reported the information that of patients in the Cheshire Joint Sanatorium treated 
with pneumothorax and/or phrenic evulsion, 59 per cent were alive five years 
later, while of those in whom pneumothorax failed and who had no phrenic opera- 
tion, 47 per cent were alive. It may also be recalled that Braeuning (13) found 
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that 25 to 48 per cent of cavity bearers were alive after five years, smaller cavities 
giving more favourable outlook, while Barnes (14) reported that 31 per cent of 
122 patients (cavities less than 2 cm. diameter) also lived for that time. Despite 
the impossibility of providing an exact control group, it is believed that the ex- 
perience from the present series justifies the view that the prognosis for TB -f- 2 
patients is made nearly twice as good by a full use of collapse therapy and sana- 
torium treatment. In special groups within this field, especially those for whom 
efiicient pneumothorax and thoracoplasty can be instituted, the chance of sur- 
viving is increased above this. 


DISCUSSION 

The notorious difiiculty of finding a suitable control group of patients when 
considering any chronic disease, particularly pulmonary tuberculosis, remains. 
Hence, even statistical evaluation of the methods of treatment used is not wholly 
satisfactory, yet repeated attempts are necessary (and permit comparisons) if the 
possibly still more erroneous deductions from private impressions are to be 
avoided. The history of the control of tuberculosis is marked by the numerous 
rejections of treatments advised on high authority but insufficiently supported 
by weight of evidence. Careful clinical observation, backed by soimd statistical 
inquiry allowing comparison with other work, is the best basis for assessing 
methods of treatment. 

Many or most patients suffering from pulmonary tuberculosis who are brought 
to treatment undergo improvement at first and hence appear to prove that 
the particular method used is valuable. Only later results begin to cast doubt 
on what at first appears so good. Sanatorium treatment of the older type in 
times when little active interference was undertaken, and the fuller program of 
the present time with longer periods of bed-rest and much collapse therapy, are 
both subject to this depression of late results. For this reason, too early assess- 
ment is unwise, and even the customary five year follow-up appears to be the 
minimum period desirable. 

The patients considered in the present survey were derived from the general 
county population with little selection except that patients of obviously bad 
prognosis in the immediate future would tend to be excluded. Clearly, survej^s 
dating from the beginning of treatment exclude those who die before treatment 
begins and therefore show favourable bias over surveys of patients dating from 
notification. In County sanatoriums, however, many patients are admitted 
whose outlook is known to be poor, but who must be cared for because of lack of 
facilities at home and to diminish the risk of infection to others. 

The importance of ensmang that the groups compared are similar in age and 
sex distribution is clearly brought out in the present surve 3 \ An apparently verj” 
favourable improvement in the trend of results is shorvn to be in part a result of 
the admission of more favourable subjects for treatment as the years passed. 
Nevertheless, progress in more efficient bed-rest and collapse therapy, after al- 
lowing for the above-mentioned variables, appears to be rewarded by an increase 
in survival rate (table 7). 
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In the earlier years facilities at Clare Hall for collapse therapy were limited to 
the more simple procedures. Hence, pneumothorax treatment was less effective 
because only a small proportion had adhesion section. The same factor was 
found in the London County Council series described by Bentley. With ade- 
quate surgical assistance it became possible to undertake thoracoscopy for every 
pneumothorax, and time has shovm the wisdom of this policy. Not only are 
adhesions divided wherever it is possible to do so noth safety, but an inefficient 
and dangerous pneumothorax is less likely to be continued after such inspection. 
Major surgical procedures could also be more easily undertaken in the later jDars 
of the survey. 

The present inquiry shows that modern methods of attack on established pul- 
monary disease have a distinct advantage over the simpler sanatorium treatment 
of earlier times. This advantage is shown particularly in the TB -f 2 group 
where collapse therapy combined nith adequate rest can be most widely em- 
ployed. It is not possible from the present study to throw any light on the value 
of simple sanatorium treatment, but such investigations as are available yield 
no proof of its value as the sole contribution. Stocks and Karn (15) compared 
sanatorium treated patients and those not so treated and found no essential 
difference in the chances of survi\dng. The London County Council patients 
reviewed by Bentley for the years 1921 to 1929, consisting of all pulmonary pa- 
tients discharged in each year, showed that 34.2 per cent of these patients were 
alive five years later. As these patients included TB — patients, it is clear that 
they attained no definite advantage over other series of “sputinn positive” pa- 
tients which include many untreated persons. Tattersall (2) has also con- 
cluded that no proof of the value of simple sanatorium treatment alone could be 
obtained from his researches in Reading. Analysis of other series of sanatorium 
treated patients from abroad has led to similar conclusions (4). 

It is highly probable that a series of patients subjected to any form of treatment 
will show improvement when compared with an untreated series for there is an 
obvious tendency to select patients of more favourable outlook. The same criti- 
cisms which apply to the results of “sanatorium” treatment have been applied 
to series of patients treated by collapse methods. As a true control series is 
difficult, or even impossible, one must agree with Bentley that comparisons 
Mth a large general group are the best resource. In regard to collapse therapy, 
however, series of treated patients can now be compared -mth earlier series with 
a reasonable chance of comparing groups of like character. Bentley’s valuable 
report (5) is particularly helpful for this purpose. Referring to the pneu- 
mothorax treated patients he says, “The survival in all the cases investigated 
was approximately 20 per cent higher in the pneumothorax group than the 
expected number amongst those conservatively treated. A 20 per cent improve- 
ment in 10 per cent of the patients would heighten the general level of results in 
all cases undergoing residential treatment by 2 per cent. The application of 
artificial pneumothorax therapy cannot be expected, therefore, to alter materially 
the gross statistics of the results of anti-tuberculosis schemes, but it will con- 
tinue to be of vital importance to selected individual sufferers.” 
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Somewhat similar conclusions are derived by Berg (4) from study of Gothen- 
burg patients. He found that for the period 1928 to 1934, the collapse treat- 
ment may have slightly influenced the decrease in general mortality for tubercu- 
losis. He says : “A 20 per cent improvement for the treated cases which make up 
40 per cent of the cases in this period causes an improvement in mortality amount- 
ing to somewhat less than 10 per cent for the total material 1928 to 1934.” 
Both authors, therefore, observe a 20 per cent improvement for patients treated 
by collapse measures in the relevant periods. In the present study, the figures 
reveal a further improvement which is believed to be due to more thorough use 
of the collapse measures now available, supported by adequate bed-rest. If the 
patients in the intermediate (TB + 2) group only are considered, this advantage 
is still further increased. The improved results in this group show that the 
progress noted cannot be due to the inclusion of milder cases among the patients 
treated by collapse therap 3 L Improved diagnosis might hav’^e made this possible 
for the total of treated persons, but those patients with the less severe disease 
would more likely have fallen into the negative or TB 4* 1 groups. 

In these times there is increasing difficulty in admitting patients to sanatoriums 
and hospitals for tuberculosis, and the most careful use of available resources is 
therefore important. The aim of those discovering patients suffering from tu- 
berculosis has been to diagnose and treat the “early case.” This aim is frus- 
trated, for many patients are discovered with more than slight disease at the 
first examination. Moreover it is not established that simple sanatorium treat- 
ment improves the survival rate of the early case. As there is now increasing 
evidence of the value of collapse therapy applied according to modem standards, 
it would appear more logical to use our limited resources as far as possible for 
the benefit of those who can be treated with real prospect of improvement, 
namely, those patients with open cavitary tuberculosis who are likely to be 
amenable to collapse treatment. (It is imderstood that hospital care for certain 
advanced cases is essential, and antibiotic or other remedies are indicated for 
selected patients.) Hence it may be of advantage to treat the patients for 
whom collapse therapy is unnecessaiy by a regimen of rest at home, supervised 
by careful observation at the dispensary. In patients with open cavitary disease 
the widest possible use should be made of collapse therapy, wliich should be made 
as effective as possible, though only continued in its reversible forms where the 
collapse has been properly established and can be maintained without danger. 
It is a proper trend for sanatoriums to become more like hospitals in respect of 
ensuring that adequate surgical and other ancillary facilities are available. The 
older gains of sanatorium practice, such as the effective use of fresh air and of 
rehabilitation, have already received wide recognition. 

SUMMARY 

1. There is a tendency to increase the period of treatment of pulmonary tu- 
berculosis in sanatoriums. 

2. Improvement in the results of treatment has followed a more active policy 
of collapse treatment together with careful rest and sanatorimn regimen. 
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3. The results of treatment in the present series appear to show definite im- 
provement over earlier comparable series of patients in England. 

4. This improvement is particularly shoum in the TB 2 group, in whom 
collapse treatment Avas applied more extensively than in earlier years (approxi- 
mately 70 per cent). The chance of survival is almost doubled by such treat- 
ment. 

5. Collapse treatment is the most A^aluable method at present Icnown for 
ensuring sputum conversion in “positive” patients, and for their recovery, as 
estimated by living for five j’^ears. Such treatment should be employed as 
thoroughly as possible, but maintained only when the collapse is made efficient. 

SUilABIO 

Resultados del Tratamiento Sanalorial y de la Colapsoterapia 

I ; 1. En los sanatorios reina la tendencia a acrecentar la duracidn del tratamiento 
de la tuberculosis pulmonar. 

2. Los resultados del tratamiento han mejorado a continuacidn de una polftica 
mas activa de colapsoterapia, unida al cuidadoso descanso y rdgimen santorial. 

3. Los resultados del tratamiento en la serie aqui descrita parecen revclar 
una mejora bien definida en comparacidn con los obtenidos en series anteriores 
comparables en Inglaterra. 

4. Esta mejora se aprecia en particular en el grupo Tb -f- 2, en el cual se aplicd 
la colapsoterapia mas extensamente que en afios anteriores (aproximadamente 
en 70 por ciento). Las probabilidades de sobrevivencia casi doblaron con dicho 
tratamiento. 

5. La colapsoterapia constituye el mdtodo mas valioso conocido hoy dfa para 
asegurar el viraje del esputo en los enferraos “positivos”, y para la reposicidn 
de los mismos, calculada en sobrevivencia de cinco anos. Dicho tratamiento 
debe emplearse en la forma mas perfecta posible, pcro mantenido finicamente 
cuando el colapso es realmente eficaz. 
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PLEURAL EFFUSION SIMULATING ELEVATED DIAPHRAGM^’- 

JOHN J. CmCOTTI,= STANTON T. ALLISON axd JOHN M. NILSSON 

Atypical distribution of fluid in the pleural ca^dty offers a challenge to correct 
diagnosis. In such cases carefulty noted physical signs do not correlate with the 
interpretation of the usual roentgenograms. The writers have recently observed 
a case in which intrapleural effusion simulated a greatly elevated diaphragm. 
This case is reported and the literature reviewed. It is our purpose to re-empha- 
size the occurrence of these unusually distributed effusions and to add certain 
diagnostic criteria. 

CASE REPORT 

A 25-year-old wHte soldier was admitted to an Army General Hospital in January 
1945, following a severe pulmonary hemorrhage. Chest examination and roentgenograms 
at that time revealed right apical pulmonary disease with cavity formation. The sputum 
contained acid-fast bacilli. The hemoptysis subsided spontaneously and, after a period 
of bed-rest and obserr^ation, the patient was transferred to the Veterans Administration 
Hospital, Rutland Heights, hlassachusetts, on September S, 1945. Right therapeutic 
artificial pneumothorax was instituted on September 21, 1945. An excellent collapse 
was obtained and the sputum was negative for tubercle bacilli in March 1946. In Feb- 
ruarj’’ 1947, after four months of graduated exercises, he returned from a ten day hospital 
leave acutely ill with fever, cough, and weakness. A chest roentgenogram now revealed 
a pneumonic process involving the apex of the left lower lobe with an area of central rare- 
faction suggesting cavity formation. The sputum was positive for tubercle bacilli. 

On February 21, 1947, the intramuscular administration of streptomycin hydrochloride, 
2.0 gm. daily in dirided doses, was begun. Because of continued to.xicity and lack of 
roentgenographic evidence of clearing, the dose was subsequently increased to 3.0 gm. 
daily. On March third erythema and urticaria of the face, arms, and legs, and slight 
swelling of the knees and knuckles, was observed. This was unrelieved by Benadryl and 
Pyribenzamine, and streptomycin was temporarily discontinued. A desensitization 
course of streptomycin was started March 19th without the re.appearance of these lesions. 
Consequently, the patient was again started on 2.0 gm. streptomycm daily. On May 
5th a two months course of streptomycin was completed. The patient liad improved 
EjTnptomatically and had gained 11 pounds. The sputum became negative for tubercle 

» From Veterans .Administration Hospital, Rutland Heights, Massachusetts. 

* Published with permission of the Chief Medical Director, Department of Medicine and 
Surgery, Veterans Administration, who assumes no re.^ponsibilitj* for the opinions expressed 
or conclusions drawn by the authors. 

’ Chief, Surgical Service. 

* Chief, Medical Service. 

Fig. 1. (Upper left). Chest film, June 1947, revealing no evidence of intrapleural fluid. 

Fig. 2. (Upper right). Later film, July 1947, rcve.alcd fluid in right costophrcnic angle 
at time of onset of left pleural pain. 

Fig. 3. (Centre). Film, .August 1947, interpreted as showing slight elevation of left 
diaphragm. 

Fhes. 4 and 5 (Lower left .and right). Later film of .August 1947 rc%'ealing app.arcnt 
further elevation of left di.aphragm. 
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bacilli on seventy-two hour concentration on April 29, 194;7 , and chest roentgenograms 
showed marked clearing with no eiddence of cavitation. 

During the month of June 1947, the patient complained of intermittent chest pain 
on his pneumothorax side. Weekly fluoroscopy, however, revealed no evidence of fluid 
(figure 1) . In the middle of July 1947 (figure 2) , he first experienced fleeting pain in the left 
chest. The pain was confined to the left lower anterior aspect of the chest and was 
intensified by deep breathing. Temperature, pulse, and respiration were normal and the 
physical examination of the left chest was negative. Examination of the right chest 
(with pneumothorax), however, now disclosed minimal obliteration of the costophrenic 
angle by fluid. The patient was asjnnptomatic until August 16, 1947 , when he complained 
of sore throat. His temperature at this time was 99°F. His pharynx was moderately 
inflamed and the cendcal lymph nodes were palpable bilaterally. Fluoroscopic study at 
this time revealed what appeared to be a slightly elevated left diaphragm which exhibited 
normal excursion. On the right side a 60 per cent pneumothorax and a clear smooth 
diaphragm were present. Inconstant left chest pain recurred during this episode but 
disappeared quickly. 

Abnormal physical signs were first noted on examination on August 20, 1947, when 
the left chest showed slight impairment of resonance posterolaterally. The breath 
sounds and voice sounds, however, were essentially normal (figure 3). There was no 
friction rub. The temperature was 101°F. The diaphragm had apparently risen three 
fingers’ breadth by August 29, (figures 4 and 5). Bronchoscopic examination at this 
time revealed no cause for the elevation of the left diaphragm. By September 2nd the 
left chest pain had become more acute and the temperature had risen to 102‘’F. The 
percussion note was dull at the left base and auscultation brought out diminished breath 
sounds and a friction rub. 

A postero-anterior inspiratory film revealed shadows interpreted as representing a 
highly elevated left diaphragm with a clear costophrenic angle (figure 6). This inter- 
pretation was corroborated by fluoroscopy which disclosed in addition that the apparent 
diaphragmatic contour moved in a normal direction. A postero-anterior erect film 
taken in forced expiration, however, revealed a change in the apparent diaphragmatic 
contour from convex to the typical S-line of intrapleural effusion (figure 7). A repeat 
inspiratorj' roentgenogram demonstrated the return of the original atypical convexity. 
The patient then was given an effervescent mixture (Seidlitz powder) orally and was 
re-examined under fluoroscopy. A large gastric air bubble was noted below a normally 
situated diaphragm and the convex contour of atypical effusion was seen 3.5 inches above 
at the level of the ninth rib posteriorly (figure 8). Thoracentesis was performed in the 
sixth intercostal space at the anterior axillary line with the recovery of 1,400 cc. of clear 
amber fluid. The patient’s temperature quickly returned to normal and his symptoms 
abated (figure 9). The specific gravity of the fluid was 1.016 and the cell count was 200 
per cu. mm., most of which were lymphocytes. Smear and guinea pig inoculation of the 
fluid failed to reveal tubercle bacilli. 


Figs. G and 7 (Upper left and right) . Chest films obtained in inspiration and expiration 

■ obtained after ingestion of Seidlitz powder. Note gastric 

air bubbo beneath normallj’ situated diaphragm and shadow of effusion above. 
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COJMENT 

An atypical distribution of pleural effusion maj'^ be defined as a subtotal intra- 
pleural collection of fluid, transudate or exudate, ivliicli in the erect inspiratoiy 
postero-anterior film does not conform to the S-line of Ellis or Damoiseau. That 
the S-line configuration does not alwa3’^s appear in simple subtotal effusion has 
been described by Rigler.(l, 2 ), Yater and Rodis ( 4 ), and recentlj'- bj'- Parsonnet 
( 5 ). Rigler ( 3 ), in his classification of the roentgenographic appearance of 
atj’^pical effusion, described four groups: (a) The most common is a variation in 
the degree of concavit3’’ of the fluid level, the almost flat effusion, which simulates 
h3"dropneumothorax. (b) The next in frequenc3’- is the somewhat convex type 
which gives the appearance of elevated diaphragm, (c) The third group shows 
fluid chiefl3’' in the mediastinal pleural space, (d) The fourth group consists of 
interlobar effusions. 

The ph3’sical factors concerned in the roentgenographic appearance presented 
133 ’’ an3’^ pleural effusion appear to be the force of gra\’it3’’, as distorted in an airless 
pleural space b3'^ parench3’^mal retractilit3'^; capillarit3'' (cohesion); and adhesions 
of the pleurae, and fluid surface tension ( 3 , 5 ). Yffiich variant, or combination, 
is responsible for these at3’-picall5’’ distributed effusions is still conjectural. The 
fluid is usuall}’’ a transudate. Rigler’s group (b), whicli simulates an elevated 
diaphragm, has been seen b}' him in some six instances. Yater and Rodis ( 4 ) 
reported an exceptional!}’' illustrative case which simulated a greatl}’’ elevated 
diaphragm. Parsonnet, Kiosk, and Bernstein ( 5 ) recently described three addi- 
tional cases. 

Roentgenographicall}’' these cases are characterized b}’' a convex diaphragm- 
like contour which varies in degree of convexit}’', smoothness and elevation. The 
fluid is not necessaril}’ encapsulated, for autops}’ in one of Parsonnet’s cases 
revealed a pleural cavit}’’ which was devoid of adhesions. Yater and Rodis’ 
postmortem stud}’ revealed that the fluid was partially encapsulated above the 
diaphragm by fibrinous adhesions, but escaped rather freel}’’ into the general 
pleural cavity. Rigler stated that the fluid is nonencapsulated in transudates 
and early exudates. 

Rigler ( 3 ) has stressed the importance of a prone or supine position film which 
shows the fluid distributed over the central lung field. Frequentl}’’ such a film 
will reveal a clear, normally placed diaphragm some distance caudad to the free 
fluid density. He also advises taking a lateral deculjitus film which reveals the 
fluid quite flat in the inferior co.stal gutter and the diaphragm clearly outlined 
in a noimal position. Encapsulation occurs in viscid exudates with early adhe- 
sion formation and also may occur in late transudates. Pncumoiicritoncum was 
utilized as a diagnostic aid by Parsonnet and his associates. The procedure is 
recommended in cases where encap.sulation is a factor. These investigators ob- 
served that the convex contour of the fluid changed to the usual S-linc of intra- 
jileural fluid after the induction of pneumoperitoneum. In the case of the i)resent 
report the same type of change was demonstrated by the siinjile expedient of 
taking an erect chest roentgenogram in forced expiration. This can be demon- 



PLEXJRAL lOFFUSIOK SIMULATING ELEVATED DIAPHEAGJI 


559 


strated bj’- fluoroscopy. During voluntary forced elevation of a diaphragm the 
fluid is forcibly displaced into the peripheral pleural space and gives the familiar 
S-line of intrapleural effusion. Immediately following forced expiration the fluid 
assumes its original convex contour. Yater and Rodis noticed that the central 
lung field densit}’', seen on supine fluoroscop}’’, did not materall}'’ change as the 
patient became erect until the last moment, when suddenly the original convex 
appearance returned. They noted that on erect fluoroscopy the contour trans- 
mitted the cardiac impulse. Miller (6) stated that the contour moves in a more 
or less normal excursion. The writers have confirmed this observation. 

When this uncommon distribution of pleural fluid occurs, the diagnosis may 
be difficult. The physical findings may be equiAmcal or may be those of fluid. 
If those of fluid, the signs are essentiall}’’ the same whether the fluid is above or 
below the diaplu-agm (5, 6). 

The seemingl}’ high diaphragm-like contour may be erroneous^’’ attributed to : 
the elevated diaphragm of acute diy pleuris 3 ’'; the anteromedial bulge or partial 
eventration of Eisler (8, 9), which appears in exaggerated foim in the presence of 
intrapulmonaiy lesions (11); eventration of the diaphragm; lesions producing 
phrenic paralj’^sis; pseudo-adhesion of Matson (14) ; or to the peculiar saucer-de- 
f ormit}' t 3 ’’pe of pseudo-adhesion reported by Middleton (15) . The condition must 
be distinguished from the “formes frustes” of perforated peptic ulcer without pneu- 
moperitoneum (9, 10); the hlorgagni t 3 ’’pe of diaphragmatic hernia; pericardio: 
diaphragmatic C 3 ’’sts (16); atelectasis; pleural adhesion and gastric distention; 
the transient elevations of both or either diaphi'agm following surgeiy, which ma 3 ’’ 
persist for several weeks (17); hepatomegal 3 ’’ and, rarel 3 '’, splenomegal 3 ’^ ; and 
perinephritic or subplirenic abscess. Parsonnet’s three cases occurred in cardiacs 
with chronic congestive failure (5). Rigler (3) observed at 3 ’^pical effusion in 3 
patients with lipoid nephrosis, one of whom fell into his group ((b) simulated 
elevated diaphragm). He noted that these fluids contain an excess of lipoid sub- 
stance Avhich lowers surface tension. 

SUMMARY 

The collected cases of pleural effusion simulating elevated diaphragm demon- 
strate the apparent rarit 3 ’’ of this condition. The difficulties encountered in prov- 
ing the diagnosis ma 3 ’’ account for the paucit 3 '’ of reported cases. iMan 3 ’' cases are 
probabl 3 " overlooked when the diaphragm is but slight^ elevated or erroneouslv 
considered to represent a slightly elevated diaphragm. Efforts must be directed 
to the proper evaluation of all elevated diaphragms. Rigler’s techniques and 
classification have not been adequately stressed and are of great assistance in the 
diagnosis of transudates and early e.xudates wliich are at 3 ’'pical in their roentgeno- 
graphic distribution. Moreover, in effusions simulating elevated diaphragm, 
expiratory film studies may be of considerable value. In encapsulated transu- 
dates and exudates, Parsonnet’s suggested pneumoperitoneum is to be strongly 
recommended, especially if the gastric gas bubble contrast is not conclusive. The 
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usefulness of the latter technique is lunited by the fact that it is onlj’- applicable 
in effusions of the left side. 


STOIARIO 

Derramo Pleural Simulando Elevacion del Diafragma 

Una compilacibn de cases de derrame pleural simulando elevacibn del dia- 
fragma revela la aparente rareza del estado. Las dificultades encontradas al 
tratar de comprobar el diagnbstico tal vez exphquen la escasez de los casos 
comunicados. Muchos se pasan probablemente por alto si el diafragma sblo se 
halla ligeramente elevado o se considera errbneamente en ellos que representan 
una leve elevacibn. Hay que esforzarse por justipreciar debidaniente toda 
elevacibn diafragmatica. Las tbcnicas y clasificacibn de Higgler no ban sido 
adecuadamente recalcadas, aunque son de mucha ajmda en el diagnbstico de los 
trasudados y los exudados recientes de atipica distribucibn roentgenografica. 
Ademas, en los derrames que simulan elevacibn del diafragma, los estudios de 
las radiograffas tomadas durante la expiracibn pueden poseer valor considerable. 
En los trasudados 3' exudados encapasulados, cabe recomendar con vigor el 
neumoperitoneo propuesto por Personnet, maxime si el contraste con la burbuja 
gdstrica de gas no resulta terminante. La utiUdad de esta ultima tbcnica adolece 
de la limitacibn de que sblo tiene aplicacibn en los derrames del lado izquierdo. 
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HISTOPLASMOSIS' 


WILLIAiM B. DUBLIN, CLYDE G. CULBERTSON and 
HERBERT P. FRIEDMAN 

A case of generalized histoplasmosis in which the diagnosis was made by biopsy 
of a Ijnnph node, and in which the histoplasmin test was repeatedl.y negative, 
is the subject of this report. 


CASE REPORT 

The patient, B. J. S., a white single woman aged 21, ha^dng no complaint, was subjected 
by her employer to routine (suiwey) roentgenologic studj'' of the chest. A pulmonary 
lesion was found and on August 3, 1946, the p.atient was directed to consult her phj'sician. 
She admitted onlj” that she had lost five pounds during the preceding month. Physical 
examination showed diminution of breath sounds, dullness, and medium and fine rales 
in the right lower pulmonaiy region. A roentgenogram of the chest (figure 1) revealed 
infiltration in each lung, especially on the right, where, inferiorly, there appeared an area, 
5 cm. in diameter, of conglomerate nodules. The hilar nodes appeared greatly enlarged. 
No cendcal binph nodes could be felt. 

The patient felt so well that she refused hospital care but she rested in bed for one 
month. During this time, no elevation of temperature was obseiwed and ten daily 
examinations of sputum for acid-fast bacilli jdelded negative results. There were still 
no symptoms. Determinations of hemoglobin, ei^’-throcytes and leucocytes were within 
normal limits. Bluish, erjdhematous, roughened cutaneous areas appeared over the 
knees. Inspection and biopsy of these lesions yielded an impression of seborrheic derma- 
titis, and there was no evidence of granuloma. On September 5, 1946, a roentgenogram 
showed definite bilateral progression of the lesions. 

The patient was admitted to St. Vincent’s Hospital. Hematologic values remained 
within normal limits and there were still no symptoms. Bronchoscopic lavage jaclded 
negative results in spite of pointed search for Histoplasma along with other suspected 
agents. An intracutaneous test with Old Tuberculin, 1 : 1 ,000, yielded a two plus reaction. 
A similar test vith a fresh 1 : 1 ,000 preparation of histoplasmin, obtained from the labora- 
tories of the United States Public Health Ser\dce at the Univei-sity of Kansas, produced 
no reaction. 

The patient’s father had died fifteen yeiirs prewously in Sunnyside Sanatorium. At 
autopsy, a diagnosis had been made of tuberculosis. Histologic study had not been 
extensive and sections arc not available for rcwcw. Because of the foregoing family 
background and economic circumstances, the patient was accepted, undiagnosed, at 
Sunnyside Sanatorium. At this time, the jjatient first experienced a feeling of mild 
general illness. On examination in the sanatorium, iiulmonaiy infiltrations were again 
found in the roentgenogram of the chest. Repeated examination of sputum for acid-fast 
bacilli was negative, as was inoculation of a guinea pig. The patient lost weight and 
became increasingly ill. On Januarj' 1, 1047, small firm cervical lymph node.s appeared. 
One of these was removed for biop.w. Histologic examination by one of the writers 
(W. B. D.) revealed a fibrocaseous granulomatous process in which there appeared 
numerous large macrophages containing tjincal Histoplasma capsulatum. 

> From the DeiJarfnicat of Patliolopy, Imiian.apoJi.s General Ho.«pita!. and Lilly lle.'^eiireli 
Laboratorie.-:, Indianapolis. 
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The patient was transferred, Januai’y 1, 1947, to Indianapolis General Hospital. 
Physical examination showed a systolic blood pressure of 98 mm. of Hg. and a diastolic 
pressure of 46 mm. Hg. The average daily temperature was 100° F. by mouth. The 
pulse was 134 per minute, and the respirations, 20. The patient was quite emaciated. 
She coughed intermittently. There were small, firm cendcal and axillaiy lymph nodes. 
There was e\ddence of massive involvement of the right lower lung field, vith decreased 
vocal fremitus and dullness to percussion as well as diminution of breath sounds. Fine 
and moderately fine moist rales were heard on the left side of the chest from the sixth 
rib, inferioiiy. The liver and spleen were palpablj”^ enlarged. Of particular interest was a 
leucocytosis, varying from 15,000 to 30,000 leucocytes per cu. mm., most of the cells 
being neutrophils. Lymphocytes, monocytes, and neutrophils showed no organisms on a 
blood smear prepared with Wright’s stain. Buffy coat smears were also negative. The 



Fig. 1. Roentgenogram of chest, August 3, 1946 


concentration of hemoglobin was 10 gm. per cent and the total erythrocyte count was 3.5 
^ million per cu. mm. On January 22, 1947, roentgenologic examination of the chest 
(figure 2) revealed complete loss of detail in the right lower lung field and the other in- 
filtrations were increased over the extent showm in earlier films. The patient was treated 
supportively with blood transfusions but became progressively weaker and died Februarv 
8, 1947. 

A skin test made by one of the writers (C. G. C.) with 1 -.1,000 dilution of histoplasmin 
Lilly was repeatedly negative. The material consisted of 1:1,000 dilution of a filtrate 
of the growth. (The lot of filtrate used in this case had been giving satisfactory positive 
results using the dilution mentioned and did not give positive reactions in a number of 
rases where it was used undiluted.) The test was not repeated udth stronger dilutions. 
Complement fixation tests, using a heat-killed antigen of the mold form of the organism 
and also^ concentrated histoplasmin filtrate, were negative. Both antigens had been 
miected into rabbits and positive results with complement fixation had been obtained 
with the rabbit serum which showed only a slight tendency to cross fixation. Antiserum 
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produced by intravenous injection of the concentrated filtrate gave a four plus reaction 
in a 1:40 dilution of the serum when the homologous filtrate antigen was used and only 
three plus in 1 : 10 when tests were conducted with the ground mycelial antigen. The 
reverse was true to a slight e.\tent, for antiserum produced by injecting mycelial antigen 
gave four plus reactions in 1 :10 dilution with the homologous mycelial antigen and two 
plus in 1:10 dilution with the filtrate antigen. With antigens thus tested, the serum of 
this patient was twice entirely negative when in the same test the rabbit sera showed 
results similar to those described previously. These negative findings are similar to the 
findings of other workers (1). 

Histologic interpretation of the aforementioned lymph node was supported by re- 
covery of Histoplasma from specimens of blood and pleural fluid. Citrated blood was 
treated according to pimdous experience with a child’s blood by one of the writei-s 
(C. G. C.) in 1939. In the former case, 5 cc. of blood drami into a sterile sj’ringe con- 
taining 1 cc. sterile 2.5 per cent sodium citrate was allowed to stand at room tempera- 



Fio. 2. Hoctitgcnograin of chest, .hinuary 22, 1017 


turc. After about two weeks, a white mycelial growth, identified as Histoplasma cap- 
sulatum, appeared just above the leucocjde phitclet layer. 

In the itresent case, similar results were obtained. A blood sjiecimcn, drawn in the 
mamier described previously, was allowed to stantl in the dark for two wceks"at][room 
temperature. In figure 3 may be seen the small colonics making their airpearancc, and 
in figure 4 the growth some ten d:iys later. 

Specimens of plcund fluid, placed on Sabouraud’s medium at room temperature and 
at .37^ C„ yielded the organism (figure 5). 

In all cultures, t>i)ical tubcrculate chlainydosporcs were identified (figure 0). The 
diagnosis was kindly confirmed by Doctor Xorman F. Conant, Duke I'niversity Schixtl 
of Mctiicinc. 

I’lrstmortem examination was perfonned seven hours after death, the body having 
bw'ii embalnu'il thre<' hours .after death. Only the important findings will be described, 
briefly. 
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Areas of reddish roughening suggesting an exfoliative dermatitis were present over the 
trunk and lower limbs anteriorly. Emaciation was marked. Turbid, straw-colored 
fluid was abundant in the pleural, pericardial, and abdominal ca^dties. 

The mediastinum was extensively infiltrated by firm, yellow to white, fibrous to caseous, 
granuloma. Similar infiltration was present massively, both in solid and in nodular 
distribution, in regions producing shadows in the pulmonary roentgenogram (figure 7). 



Fig. 4. (Right) The same, two weeks later. 


cm. n diameter of firm whfi , . an area, 1 

Alt wl‘de, granulomatous tissue (figure 9). 

systemVb^'elste'Sy^S^ neiwous, gastro-intestinal, and genito-urinary 

grossly, except for grade II ceiebral edti^r^ "^«iin normal limits 

gnmulomatous process (figure 10) 
Histoplasma capsulatum (figure macrophages containing typical 

spleen, Ij-mph nodes, thjmms, and vertebra, and in^Sly^rpIrtardiut^ 
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adrenals, intestinal nnicosa, and bladder. Haro t)rpanisins were found in virtually every 
organ stndied. No llistoplasina were found in the intrinsic tissues of the nervous sy.stcin, 
however. The few which were seen were situated, mainly within macrophages, within 
or without vessels, in the meninges. 


m.scus.sio.\ 

This patient, as have most of fho.se .stiulicd jrreviou.sly, gave ncg;it'ivc lesults 
to tests with in.stoplasmin. The concept e.\pre.s.sed by Cliristie and Peter.son (2) 
of the similarity of histoplasmosis to coecidioidtrmycosis seems a logical t)ne. 
The. probable similarity of the test to the tvibcnailin te.st also is obvious, as almost 
all disseminated fatal cases give negative tests. Sensitivity to intradermal 
injections of hi.stoplasmin in jnoper do.^age has been .shown by .several inve.sti- 
gators, particularly Christie and Petemon, to indicate, ijiitial infections with the 
fungus which generally heal. These lesions may result in pulmonary calcifi- 
cation. The possihility of cross rc.action with otlmr fungi has been cited l^y 
Emmons (3), but later when dosage was reduced the cross reactions in experi- 
mental animals were not extensive (4). It apircars that too concent rated liisto- 
plasmin filtrates may therefore give erroneous reactions in the Imman. In the 
opinion of the writers this question will he answered only by further iiainstaking 
autopsy studies made, in children .succumbing to other diseases, to eon elatc small 
foci of histoplasmosis in the, lungs with positive hislojdasmin te.sts. 

On the basis of the present knowledge com^erning hi.stoplasmin .skin tests, it 
seems that it is of greatest value in epidemiological studies in connc(dion with the 
"primary” or sensitizing infections. If an individual is suspected of haxing late 
disseminated histoplasmosis, it is to be remembered that, the histoplasmin may 
be negative. It is also to l)c remembered that, strong filtrates are irritating in 
themselves and will give reactions in nonsensitized animals, so that the use of 
filtrates which give an excessive per cent of po.silir'e tests in a given communil.}’- 
is not recommended. The writers have seen one such lot which caused sloughs 
in sensitive individuals at a dilution of 1 : 1 ,000. An antigen which gives definite 
induration in a known sensitive individual in forty-eight hours in a dilution of 
1 : 1,000 seems much more desirable. The antigen (S200C) used on this'’patient 
was erroneously injected undiluted into a number of cliildren and several per- 
fectly negative tests resulted although the positive tests were extremely se^^cro. 
No set methods of standardization are available. 

SUMMARY 

1. A case of generalized histoplasmosis is reported in which the diagnosis was 
made by biopsy of a cervical lymph node. 

2. The organism grew from the bufly layer of the blood after 5.0 cc. of citrated 
blood wei’e allowed to stand for two weeks at room temperature. 

3. Comptement fixation tests using ground mycelial and also filtrate antigens 
were negative. (Since the tests were made on this patient, positive results of 
complement fixation tests have been reported in similar cases (5, 6, 7).) 

4. The significance of histoplasmin tests is discussed. 
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SUJLVRIO 

Hisiopiasmosis 

1. En el case de histoplasmosis generalizada aqui descrito el diagndstico sc 
baso en la biopsia de vm ganglio linfatico cervical. 

2. El microbio prolifero en la capa anteada de la sangre despiies de dejar rc- 
posar 5.0 cc. de sangre citratada durante dos semanas a la temperatura ambientc. 

3. Las reacciones de fijacion del coraplemento, usando antigenos miceliales 
triturados, 3 * tambien filtrados, resultaron negativas. (Despues de hacer las 
pruebas en este enfermo, se ban comunicado reacciones positives de fijacion del 
comidemento en casos semejantes [5, 6, 7]). 

4. Discutese la significacion de las pruebas de la histoplasmina. 
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THE PRESERVATION OF TIFE BCG STRAHi 

F. VAX DEIXSi:' 


’I'hc interchi in ]JCO vnccinalion cxiftinp knliiy in dir- Tn)t<'<i and jn 

other count, ric« has st imulat^Kl the writer to descrii>*'. in .‘-omc det.'u! the t^'chnique 
of conwiiwation of the BCX! strain, as jt is applied in the Paf-teur Institute, wlirn' 
BCG was first cultivated by Calmette and Guerin and where the bert way of 
presen’inR its vitality and its vaccina! inp properties has l.een dcirrils-d by the*- 
aiithorF. 



Fig. 4. (Right) The same, two weeks later. 
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Experience nt tlie Pasteur Institute ■with BCG vaccination covers a period of 
twenty-five years, .‘uul no complaints have ever been received concerning a loss 
of the immunizing or of the allcrgizing power of the BCG strain. It has become 
routine in this department to inoculate guinea pigs intradermally with minute 
doses of BCG to determine the pre.sence of the slight vinilence of the .strain, Aidth- 
out which its antigenic properties would be abolished. A fourteen day old cul- 
tm-c on Sauton-potato of this BCG strain injected intradermally in guinea pigs 
in a dose of O.Ol mg. (suspended in 0.1 cc. saline solution) produces a small red 
nodule, about 3 mm. in diameter, within one or two weeks according to the in- 
dividual sensitivitj' of the animal. Tlie nodule disappears after eight to fifteen 
days. 

In 194G, K. A. Jensen of Copenhagen published an article (1) in which he 
gave a very complete description of what he considers as variations of the attu- 
lonce of tAvo BCG strains, receiA'ed from Calmette in 1927 and 1931,respectiA-elA*. 
The first strain (1927) proved to be too A'irulent for intradermal or subcutaneous 
injection in man, as it too frequently caused local abcesses and ulcerations. The 
second strain (423, 1931) Avas found to be less A'irulent and A\-as more suitable 
for human use. As in that period BCG vaccination A\'as carried out in France 
b 3 '^ the oral way exclusiA^elj', such differences in A'inilence had not been noted. 
As Jensen points out, it is impossible to elucidate such slight differences of A*iru- 
Icnce by massh'e injection (5.0 mg.) in guinea pigs as both strains (1927 and 1931) 
Averc equally nonpathogcnic AA-hen tested in tMs waj'. Intradermal inoculations 
of very small doses in the guinea pig are necessarj' in order to detect such differ- 
ences experimentally. 

A striking fact in Jensen’s inAmstigations is the fact that he observed an increase 
of Adrulcnce in the 1931 strain AA’hen kept continually on bile potato through a 
series of passages. As he points out, this is in conflict AA’ith the statement made 
b 5 '^ Calmette. Indeed, the Aurulent bovine strain of tubercle bacilli, isolated in 
1902 by Nocard at the Veterinarj’^ School at Alfort and used by Calmette and 
Gu6rin in their experiments on oral infections of caNes, rapidly lost its virulence 
when cultured on the bile potato medium. These im-estigators used this medium 
because they found it to be a conAmnient AA'aj* of obtaining homogenous sus- 
pensions of their culture in saline solution. This obserA'ed loss of virulence gaA'e 
them the idea of exploiting the technique of subculturing the strain on bile potato 
for a long period. Transfers on this tmusual medium AA'ere made every two weeks 
for a period of thirteen years in order to obtain a Imng, nonvirulent strain of 
tubercle bacilli suitable for vaccination. Thus, the birth of BCG was the result 
of a fortuitous observation. It seems paradoxical that there would be a renewal 
of real virulence in BCG when cultivated on the exact medium on which it orig- 
inally lost its Aurulence. 

Another strildng fact in Jensen’s report is the observation that certain periods 
during AA'hich the virulence of the BCG vaccine was reduced, as tested intrader- 
malb-- in guinea pigs, coincided Avith complaints from Amccinating pediatricians 
that the vaccinated children failed to become tuberculin positive. This paral- 
lelism between experimentally and clinically observmble loss of virulence axisted 
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in the years 1937, 1938 and 1940. Since 1931, the 423 BCG strain, used for 
vaccination in Denmark, has been kept on Sauton medium. These reductions 
in Aurulcnce of the BCG strain were also mentioned in a paper by J. Holm (2), 
where it is stated that “when such weakening eventuated, a new increase in vir- 
ulence was obtained b}' several passages on bile potato.” 

Paradoxical as this statement may appear to any one familar with BCG in 
particular and with bile cultures of tubercle bacilli in general, the high scientific 
standard of the distinguished Danish investigators and the scrupulous quality of 
t heir experimental -work were sufficient reasons to scrutinize their assertions by 
experimental investigation. 

A detailed report of the writer’s researches in this matter has been published 
elsewhere (3). A brief outline of the findings is presented in this communication. 

Five guinea pigs were inoculated intradermally at four different places (two 
on the right flank, two on the left) Avith 0.01 mg. and 0.0001 mg. of a 27-day-old 
culture of BCG on Sauton-potato and a 27-day-old culture of BCG on bile potato. 
In this experiment the bile culture caused precocious ulcerative reactions in the 
0.01 mg. concentration; whereas injection of the other culture resulted in the 
usual node formation after the usual delay in only two of five animals. 

Presumably this old culture contained munerous dead bacilli and hence evoked 
reactions which were less strong than usual. Thus, in this experiment the bile 
culture gave rise to very strong reactions in comparison with the normal one. 

Four guinea pigs w’ere then inoculated intradermally with Sauton-potato trans- 
plants of BCG which had gone through three, four and five passages on bile 
potato, respectively, and with a normal BCG culture maintained for 14 years on 
Sauton-potato (0.01 mg.). This time there was not the slightest difference be- 
tween the reactions provoked by these four inocula. 

Four guinea pigs received an intradermal injection of 0.01 mg. of (c) normal 
BCG, and (6) a culture of BCG which had been passed once on bile potato and 
once on Sauton-potato. In this experiment also the reactions were the same 
after each inoculum. 

Finally six guinea pigs were inoculated the same way with normal BCG sus- 
pended in sahne solution, and with normal BCG suspended in saline containing 
10 per cent ox bile (0.01 mg.). The bile-containing suspension provoked violent 
reactions, whereas the normal saline suspension gave the usual type of reaction. 

It appeared, therefore, that the violent reactions obtained in the first experi- 
ment were a result of the admixture of bile in the suspension of BCG prepared 
from a bile potato culture. 

As Jensen expressly states that his vaccine emulsions were always prepared 
from a Sauton culture, inoculated from a glycerin potato culture which in its 
turn was a subculture from a bile-potato culture, the increased virulence he ob- 
sen’^ed cannot evidently be attributed to the admixture of bile in his vaccine 
emulsions. 

In the present experiments, no increase of virulence in the BCG culture was 
observed after one, three, four or five passages on bile potato. 

Holm reports that “in more recent years, instead of bile-potato passages, a 
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more frequent transfer of the strain on Sauton medium (every seven to ten daj'^s) 
has been emplo 3 'ed.” He states that the virulence of the strain is assumed to 
be weakening when the developing rate of the bacillarj’^ veil on the surface of the 
Sauton medium is slowing dowm. When this phenomenon occurs, a higher rate 
of growth may then be obtained by more frequent transfers. 

Another explanation exists for the described phenomenon of loss of virulence 
of the Danish BCG strain. As stated previouslj', this phenomenon is unknowm 
at the Pasteur Institute where the strain in use is a descendant of the same no. 
423 culture which Calmette sent to Copenhagen in 1931. Nevertheless, it is 
possible that such a diminution of the allergizing power of the Danish vaccine, 
coinciding with a slowing dovTi of the developing rate of the BCG culture on 
Sauton, as observed by Jensen and Holm, might be a consequence, not of a 
weakening of virulence, but of a "weakening of the vitalily of the strain. If this 
were so, there would bo an increase of dead or debilitated bacilli in the vaccine 
suspensions. Considering this explanation of the facts stated by Jensen and 
Holm, it is possible that more frequent transfers would be sufficient to obtain a 
higher rate of growth and a better allergizing effect of the BCG culture, as the 
number of living bacilli is increased by such frequent transfers. 

It is possible that the reason the Danish investigators had such difficulties in 
maintaining the \dtality of their BCG strain when this phenomenon has not been 
observed at the Pasteur Institute is because of the circumstance that in Copen- 
hagen the strain is constantly maintained on Sauton medium. As emphasized 
previously, Sauton medium is excellent for the production of thick veils in the 
first generations, but must be condemned as a routiae medium for the preser- 
vation of laboratory strains of M. tuberculosis in general and of BCG in particular. 
The above hypothesis may also serve to ex-plain the paradoxical fact that in 
Copenhagen a return of the BCG strain to bile potato was sufficient to increase 
the virulence of the strain. Bile potato is an excellent medium on which bovine 
bacilli grow luxuriantly and, though eventuallj' their virulence is impaired b 3 ’^ this 
medium, their vitality does not suffer on it. Thus it is possible that the BCG 
strain, weakened by a long series of transplants on Sauton, recovered its vitality 
on bile potato and iyso facto yielded a better vaccine. 

The writer has had the opportunity to make a comparative test of the Pasteur 
Institute strain and the Danish BCG strain, which Doctor Orskov had the Idnd- 
ness to send to Doctor Bretey. In comparison it was not possible to detect any 
difference between the two strains by intradermal injection in six guinea pigs. 

Consequently, the different behavior of the two strains appears to be a question 
of culture medium. When cultivated on a suitable medium, the Danish and 
the Paris strains of BCG prove to have exactly the same virulence. The results, 
at least as far as these two strains are concerned, support Calmette's claim that 
BCG is a virus fixe. 


SUMMARY 

The most suitable culture medium for the preservation of BCG is Sauton- 
potato. Sauton liquid S3aithetic medium is excellent for a few passages to ob- 
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tain a ricli harvest of bacilli for vaccine preparation, but impairs the vitality of 
the strain in the long run and is therefore improper for the preservation of BCG. 
Ox-bile potato, wliich, after a long series of passages, extinguishes the virulence 
of bovine tubercle bacilli, is suitable, however, for their maintaining their vitality 
in good form. Therefore, the observations of Jensen and Holm that BCG after 
many passages on Sauton loses its slight virulence on this medium, but may be 
restored to its former virulence by a few passages on bile potato, may be explained 
by the concept that the “vitality” rather than the “virulence” of the strain was 
affected. 


STJMARIO 

La Consenadon de la Cepa BCG 

El medio de cultivo mas apropiado para la conservacidn del BCG es el d® 
patata-Sauton. El medio sintetico Ifquido de Sauton es excelente para alguno® 
pases a fin de obtener ima rica cosecha de bacilos para preparar vacuna, pero 
afecta la ■vdtalidad de la cepa a la larga, y resulta, por consiguiente, impropio 
para la conservacidn del BCG. El medio de patata-bilis de buey que, tras una 
serie larga de pases, extmgue la virulencia de los bacilos tuberculoses bovinos 
se presta, sin embargo, para mantener su vitalidad en buena forma. Por lo 
tanto, las observaciones de Jensen y Holm, en el sentido de que BCG, des- 
pu4s de muchos pases por Sauton, pierde su leve virulencia en ese medio pero puede 
recobrar su antigua virulencia con algunos pases por patata-bilis, pueden en- 
contrar su explicacidn en el concepto de que se afecta la “vitalidad” mds bien 
que la “virulencia” de la cepa. 
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EDITORIAL 

Lobectomy and Pneumonectomy in Pulmonary Tuberculosis 

An evaluation of the efficacy of any therapeutic procedure employed in the 
treatment of a chronic disease may take many years. This is especially true 
when there is a considerable variation in the natural course of the same disease 
in different individuals. These statements apply particularly to the problem 
of lobectomy and pneumonectomy in the management of pulmonary tuber- 
culosis. 

There has been considerable divergence of opinion as to the place of pul- 
monary resection in the treatment of tuberculosis. Further experience is tending 
to clarify some of the controversial issues. Much of the earlier confusion con- 
cerning the results of lobectomy and pneumonectomy in tuberculosis may be 
ascribed to the follovdng reasons: a short period of time had elapsed between 
the operation and the report; unwarranted assumptions were made as to the 
prognosis in a given case with other forms of therapy, particularly thoraco- 
plasty; the postoperative sputum studies were often inadequate; and complete 
follow-up data were not always obtained. Now, however, the addition of 
streptomycin has necessitated a complete reorientation of the entire subject. 

At present pulmonary resection would seem indicated for the following groups 
of patients with tuberculosis: 

(1) When an adequately performed thoracoplasty has failed to produce 
cavity closure and convert the sputum, with the proviso that this does not 
necessarily include patients who have only an occasional sputum culture or 
gastric concentrate positive for tubercle bacilli. 

(2) Stenosis of the main bronchus or a lobar branch bronchus is often an 
indication for resection. Cases with a narrowing of the bronchus due to swelling 
or granulation tissue, which might heal without marked stenosis following 
local treatment and collapse therapy, are not necessaril 3 ’- included. If strepto- 
mycin therapy is required in order to control the bronchial lesion, the advis- 
ability of resection while the beneficial effect of the streptomycin is present must 
be seriously considered. 

(3) Bronchiectasis secondary to pulmonary tuberculosis when symptoms due 
to bronchial infection are present. Patients Avith recurrent hemopt 3 ^is from 
bronchial lesions are best treated by resection. The diagnosis of bronchiectasis 
is often made incorrectly, due to confusion between true bronchiectasis and the 
shortening and slight Avidening of bronchi which occur when a lung is collapsed. 
The bronchial distortion seen bronchographically, especially in the upper lobe 
after thoracoplasty, does not in itself constitute an indication for pulmonarj' 
resection. 

(4) Primary lobectomy is preferable to thoracoplasty Avhen caAuties are sit- 
uated in the basal portion of the loAver lobe and the active tuberculous process 
is limited to the lower or middle and loAver lobes. Temporary phrenic nerve 
interruption, pneumothorax, or pneumoperitonevun may have been given a trial 
first if there was little eAudence of bronchial involvement. A caAut}'- in the ape.x 
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of the lower lobe, however, is not necessarily an indication for resection as such a 
cavity may be closed by thoracoplasty, whereas, if resection is undertaken, a. 
pneumonectomy is usuall 3 ’- required because of involvement in the adjacent 
lower part of the upper lobe. 

(5) Tuberculomas, when of sufficient size to warrant surgical therapy, are an 
indication for partial or total lobectomy. Many so-called tuberculomas are 
actually cavities filled with caseous material. Some solitary tuberculomas re- 
quire removal because the diagnosis of tumor cannot be excluded. 

(6) There has been considerable difference of opinion concerning the advis- 
ability of pulmonary resection in the treatment of tension cavities. In some 
cases one can be quite certain that a tuberculous cavity has a positive intra- 
cavitary pressure but in many other cases such a diagnosis based on the roentgen 
appearance alone may be incorrect. Moreover, a cavity which is under tension 
one day may have a relatively free bronchial drainage at another time. The 
response of so-called tension cavities to collapse procedures is unpredictable. 
If a collapse procedure is elected, thoracoplasty is usually preferable to pneumo- 
thorax because of the resultant immobility of the chest wall. Some cases with ten- 
sion cavities have other lesions such as bronchostenosis which are an indication for 
primary resection. At present, a trial with thoracoplasty without streptomycin 
is indicated in some cases. The streptomycin should be reserved for the time of 
resection if the latter procedure is required. 

(7) The relative merits of thoracoplasty and pneumonectomy in cases of 
very extensive unilateral tuberculosis have been debated at length. Should one 
proceed directly with pneumonectomy and follow with a limited thoracoplasty or 
should one first perform a complete thoracoplasty? The assmnption that one 
can be certain that a thoracoplasty will fail to be of benefit in such a case is 
sometimes made without good justification. Although it is true that the likeli- 
hood of cavity closure and sputum conversion following thoracoplasty may be 
relatively small, nevertheless, an improvement in the patient’s general condition 
and diminution in the amount and infectivity of the sputmn may follow. Pul- 
monary resection, if .then necessarj’’, can be performed without much difference in 
the operative risk. At the same time some of the patients in this group may 
obtain such a satisfactory result from thoracoplasty that no further surgical 
procedure is required. The most important factor in this problem today hinges 
on the time when streptomycin is employed. In those cases with extensive 
unilateral tuberculosis in which the disease is sufficiently quiescent to permit a 
thoracoplasty to be undertaken without streptomycin, but where there is con- 
siderable question as to whether a thoracoplasty will be adequate, streptomycin 
should not be given at the time of thoracoplasty unless postoperative complica- 
tions require. Otherwise one may be faced later with the necessity of per- 
forming a pulmonary resection on a patient with tubercle bacilli resistant to 
streptomycin. If it is felt that no major surgical procedure can be undertaken 
without the aid of streptomycin, and there is a considerable chance that a pneu- 
monectomy will be I'equired, it would seem best to proceed at once with resection 
while the maximum effect of streptomycin is obtainable. 

Some of the confusion which has arisen in judging the relative place of pul- 



578 


EDITOKIAL 


monary resection and thoracoplasty in cases of tension cavities, upper lobe 
bronchiectasis, and caseous destruction of an entire lung, has been due to the 
meagre data that have been published of the results of thoracoplasty in lesions of 
this type. Various experienced observers have vndely divergent impressions. 
There is an urgent need for the evaluation of the late results of thoracoplasty 
analyzed according to the type of lesion for which the collapse w’as undertaken. 

Overdistension of the remaining pulmonary tissue following either lobectomy 
or pneumonectomy in the tuberculous patient seems to be disadvantageous. A 
thoracoplasty should be performed soon following pneumonectomy. Likewise, 
an upper stage thoracoplasty should usually be done in those cases in which a pri- 
mary upper lobe lobectomy has been performed. An exception to this should be 
made when dealing •with patients in the growing age period. 

The introduction of streptomycin has necessitated a complete revaluation of 
the status of pulmonary resection in tuberculosis. The operative morbidity 
and mortality have been considerably reduced. Viien resections were performed 
without the benefit of streptomycin, there w^as a relatively high incidence of 
flare-up of the' disease following operation. Manj'- of these e-xacerbations were 
apparently transient and, on the basis of a few' 3’-ears follow-up, the late reac- 
tivations seemed to be of greater significance than the postoperative morbidity. 
A considerable percentage of the patients w'ho subsequently had progressive 
tuberculosis, however, had not had an entirely uneventful postoperative course. 
One •wonders, therefore, to what e.xtent the late e-vacerbations will be reduced by 
the use of streptomycin in the operative period. 

Removal of the major portion of the pulmonary tuberculous tissue does not 
seem to be immunologically more beneficial than collapse of the lung. It would 
therefore seem best at present to restrict lobectomy and pneumonectomy to 
tho^ cases in which collapse therapy is inadequate. It cannot be foretold 
whether future developments in chemotherapy -will radically alter the relative 
place of collapse therapy and excisional surger}' in the treatment of pulmonary 
tuberculosis. 


Herbert C. Majer 
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To the Editors of the American Review of Tuberculosis: 

Four years of German occupation have shut French scientific workers off from the out- 
side world, and cut them from communication mth their colleagues in free countries. 
After Y-Da3% British and American medical literature started to come in, trickle fashion 
first, but soon swelling into an avalanche of precious scientific information, wliich took us, 
hungry though we were, a lot of time to digest. 

These preliminary lines ma}’’ servm to explain why the work of Milton I. Levine and 
Margaret F. Sackett on BCG immum'zation in New York City (Am. Rev. Tuberc., 1946, 
oS, 5, 7) came to our knowledge onl}' a few months ago. Since then, references to it in 
other scientific re\dews showed us the impression the statements of Levine and Sackett 
have made on the minds of workers engaged in preventive vaccination against tuber- 
culosis with BCG. 

Before criticizing the article of Levine and Sackett, I want to do homage to the accuracy 
ef their work and to the extraordinarj'- amount of trouble they took to exclude all sorts of 
factors that might have influenced the disappointing results of their experiment. For it 
must be acknowledged that, from the point of view of our fight against tuberculosis bj"- 
preventive vaccination, the figures they obtained are far from encouraging indeed. 

The authors point out that W. H. Park’s favorable results had suffered from a “tend- 
ency to inoculate cliildren of the more intelligent and cooperative parents, and to keep 
the children of the non-cooperative parents as controls.” Having eliminated this possible 
source of error, Levine and Sackett, continuing the investigation of W. H. Park along the 
same lines since January 1933, observed that the death rates from tuberculosis in vac- 
cinated and nonvaccinated children are practicallj’’ identical (1.41 and 1.51 per cent 
respectively). 

We are the more impressed by these figures, as the authors have investigated different 
variable factors which might have influenced their results, and, having done so, exclude 
them all. The differences studied include: exposure to positive sputum between the two 
groups before and after January 1933; differences in racial distribution of vaccinated and 
control cases in the two periods; differences in economic conditions of the two groups 
before and after January 1933; possibility of a change in the number of lost cases before 
and after that date; variations in the number of autopsies in the two periods; and finally 
a loss of activity of the BCG vaccine. 

But there is one particular point to which I w'ould call attention. Summing up all 
cases of death from tuberculosis in vaccinated children that occurred during the two 
periods (three in Park’s time; eight since January 1933), the authors say, “all eleven cases 
except one were definitely exposed to virulent tubercle bacilli in their homes within five weelcs 
before vacdnalion.” 

Now shouldn’t this be the crux of the problem? Did not Calmette and Gu6rm, when 
they advocated BCG vaccination of humans, insist on the necessity of administering the 
vaccine before infection with virulent tubercle bacilli could have taken place, and, if pos- 
sible, of separating the newborn babies from their infectious surroundings until the vaccine 
should have done its work, i.e., during six weeks at least? 

This most important condition not having been fulfilled, how could we be surprised at 
the meagre results of this campaign of preventive vaccination which involved such an 
amount of work? We may even be astonished by the favorable results of W. H. Park, 
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if tliey were obtained under the same faulty conditions as the authors claim. It seems 
probable indeed, that they resulted, at least in part, from an involuntary tendency to 
choose babies of intelhgent, cooperative parents for vaccination, leaving the others as 
controls. I say “in part,*’ for recent reports from So\det Russia show that large scale 
BCG vaccination in that countiy resulted in a 50 per cent diminution of the tuberculosis 
mortality among infants since the beginning of this preventive measure. And the same 
reports state that separation of BCG vaccinated babies from their tuberculous surround- 
ings is not practised. Thus even in such unfavorable conditions, BCG vaccination seems 
to e.\ert notice.able protection against tuberculous infection in infants (S. Abolnik, Ann. 
Inst. Pasteur, 1947, 7S, 373). 

But there are so raanj’- reports from so many different countries the general note of 
wliich is so diametrically opposite to the outcome of Lemne’s and Sackett’s investigation, 
that one cannot escape from the impression that there must be something at fault at the 
base of their pessimistic opinion. I only mention here the recent work on BCG vacci- 
nation among Indians by Aronson and his co-workers (Am. Rev. Tuberc., 1942, 4^, 41), 
the studies of Ferguson in Canada (Am. Rev. Tuberc., 1946, S4, 325), Courcou.x in Paris 
(Rev. de la Tuberc., 1946, 10, 755), Heimbeck in Norway among nurses (Tubercle, Nov. 
1936, 97), and the vast BCG campaign of Jensen and Holm in Denmark (Pub. Health 
Rep., 1946,^1, 1298), in order to underline my assertion. As mentioned previously, a 
fundamental error has been committed by administeiing BCG to children, most of whom 
must be considered as having been probably contaminated, even if negative to Mantou.\:, 
before vaccination or shortly thereafter. Thus most of the authors’ painstaking work 
has been done in vain. 

Of course I understand that Lemne and Sackett know as well as we do the fundamental 
necessity of separating babies from their tuberculous parents before and after BCG vac- 
cination and that they were no doubt prevented from doing so by insurmountable diffi- 
culties. In fact, the figures they found in children, in whom such conditions could be 
fulfilled, are much more favourable. 

The table on page 529 of the article of Le^dne and Sackett shows one tuberculosis death 
among 91 children separated three months before and three months after being vacci- 
nated in contrast to three tuberculosis deaths among 96 nonvaccinated but equally sepa- 
rated children. And the following statement is made by the authors apropos of these 
findings: “It would appear from these figures that the inoculations with BCG might be 
of some protection if children were separated from the tuberculous environment for a 
sufficiently long period of time before and after vaccination.” 

Unhappily the number of these correctly separated cases is not sufficient to give irre- 
proachable statistical evidence and the general impression left on the reader’s mind by 
the article of Levine and Sackett is rather unfavourable to BCG. Tliat is why it seems 
necessary, in the present circumstances, to point out why this unfavourable impression 
is not justified. 

Their article shows at any rate and with evidence how an involuntary choice as to the 
children to be vaccinated may falsify the results of an investigation, and we must be 
thankful to the authors for having made this fact clear to us. 

F.vanDeinsb 
Chief, BCG Department 
Pastem Institute, Paris 
October 6, 1947 
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To the Editors of the American Review of Tuberculosis ; 

I have carefully read the article of Dr. van Deinse anatyzmg the paper we published 

in 1946. 

I might state immediately that we are in complete agreement with his contention that 
separation before and after vaccination is an essential factor in a well organized study on 
the efficacy of BCG. 

This was pointed out clearly in our own paper, “Results of BCG Immunization in New 
York City,” by Levine, M. I. and Sackett, M. F., which appeared in the American 
Review of Tuberculosis, 53: 517, June 1946, where it was stated (page 527); “The ques- 
tion naturally arises as to whether the deaths among the BCG vaccinated cases were due 
to a tuberculous infection previous to vaccination or whether the vaccination was an 
inadequate protection against a subsequent infection. This is difficult to answer.” More- 
over, on page 529 it was stated: “In the course of our studies a certain number of 
exposed children chanced to be separated for three months before and three months after 
vaccination. It is to this group, then, that we must look for any trend that might give 
an indication of the value of the inoculation.” 

The data which were presented in table 14 follow. 


TABLE 14 (page 529) 

Exposed cases separated three months before and three months after being vaccinated or taken vp 



NXJyUEK OF CASES 

TUBEaCUEOSIS DEATHS 


Number 

Per cent 

Vaccinated 

91 

1* 

1.1 

3.1 

Controls j 

96 

3** 1 

1 



* This child was born of a mother dying of tuberculosis; was never exposed; died at S 
months of age. 

** One case with no known exposure died of tuberculosis at 15 months of age. 


Continuing (pages 529, 530) ; “It would appear from these figmes that the inoculations 
with BCG might be of some protection if children were separated from the tuberculous 
entdronment for a sufficiently long period of time before and after vaccination. From a 
scientific viewpoint, in justice to BCG, its efficacy in preventing tuberculosis should be 
judged only from results of cases definitely not infected with human tubercle bacilli before 
vaccination and not exposed after vaccination until allergy has developed from the BCG 
administration.” 

Dr . van Deinse writes that : “A fundamental error has been committed by administering 
BCG to children who were already contaminated.” 

We did state in our article that all 11 cases (who were vaccinated and later died of 
tuberculosis) except one were definitely exposed to x-irulent tubercle bacilli in their homes 
within five weeks before vaccination. Nevertheless, these children vrere aU tested up to 
1.0 mg. tuberculin intradermally and only vaccinated when the test was found to be nega- 
tive. Although these children inay have been already infected with tubercle bacilli and 
may have been still in the pre-allergic phase, there is no definite e\'idence that such a 
condition did e.xist. These children may possibly have been infected shortly after 
vaccination. 

No claim was made in our article as to proof for or against the value of vaccination 
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\\1th BCG. Our onlj’’ purpose was to present the results of the New York study and to 
observe criticaDy certain other studies alread}' published. 

Our only conclusion was that “as a public health measure, the routine vaccination with 
BCG of children from tuberculous homes is less advantageous than removal of the tu- 
berculous subject from the home.” 

MiltoR’ I. Levir*e, M.D. 

Assistant Professor of Pediatries, 

Cornell Universily Medical College; 

Chairman, Advisory Commitlcc on BCG, Neiv York Stale, 
New York City 
December 4, 1947 
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Drug Assay Method. — An attempt to devise 
a rapid and economic.al method of nssajiug the 
tuberculostatic property of compounds re- 
sulted in tire following procedure ; serum of ani- 
mals that had received the drug to be tested 
was incorporated in a liquid medium rvhich 
was then inoculated with tubercle bacilli of 
human type. The presence or absence of an 
inhibitoiy action of a compound on the growth 
of the culture could be observed and its effect 
in mv could be anticipated. This suggests a 
method for overcoming the usual discrepancy 
between the results of in vitro and in vivo 
testing of substances for their activity against 
the tubercle bacillus . — Procedure for Dislin- 
ffuishing Drugs Effective against the Tubercle 
Bacillus by a Combined in vivo and in vitro 
Method, E. F. White & A. G. Karlson, Proc. 
Staff Meet., Mayo Clin., January 31, 194S, 23: 
53. — (P. Q. Edwards) 

Virulence of Tubercle Bacilli.— It is almost 
unanimously agreed that the newly formed 
tubercle bacilli growing on artificial culture 
me(ba do not all become acid fast until about 
the fifth or sixth day of their development. 
BTiat degree of virulence the germs have in 
this early period of their existence is not well 
known. It has, however, been shown re- 
cently that during the first five days of their 
growth in Sauton’s synthetic media, tubercle 
bacilli are definitely less virulent than in older 
cultures. The author followed the develop- 
ment of pathogenicity of bovine tubercle 
bacilli developmg in the upper levels of a liquid 
culture medium such as the egg medium of 
Besredka, foUow’ing the inoculation of the 
lower portion with tubercle bacilli introduced 


through a glass tube. The germs developing 
at the upper levels of the medium would all be 
young, those introduced to start the culture 
remaining lower down. Samples were re- 
moved from the middle level after two, three, 
four, five, six, and twenty-one days. No acid- 
fn.st bacilli were found until after the second 
day. It was consequently assumed that sam- 
ples removed on the third day would contain 
3 'oung bacilli. Dilutions of the samples in 
physiologic salt solution were made in various 
strengths (1 1 5, 1 1 10, 1 100, etc.). One-tenth 
cc. of each was planted on Lowenstein’s me- 
dium, and 1 cc. was injected subcutaneously 
into guinea pigs and intravenously into rab- 
bits. The number of bacilli in one cc. of each 
dilution was determined by counting the num- 
ber of colonies that developed on the Lowen- 
stein’s medium. The lesions which developed 
in the animals inoculated with a correspond- 
ing number of germs made possible a compari- 
son of the virulence of young germs (three to 
four days’ growth) and older ones (six to 
twenty-one days). It was found that the dif- 
ference was slight if only a small number of 
bacteria (less than 100) was employed. To 
secure more definite proof it was necessary to 
inoculate at least 100 to 500 bacilli; better re- 
sults were secured when more than 500 were 
used. The guinea pigs and rabbits inoculated 
with bacilli removed from the medium on the 
third or fourth day of their development were 
examined postmortem, si.x w'ceks to three 
months after their inoculation. Very few 
tubercles were found answvhere, and the or- 
gans were apparently normal. On the other 
hand, anmials inoculated with corresponding 
quantities of older bacilli (six days) and sacri- 
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ficed after the same period of waiting, had 
many tubercles in various organs. Then- 
lesions were much more serious than those 
caused by bacilli three or four daj's old but 
not as extensive as those caused by bacilli 
twenty-one days old. In the latter case the 
tubercles were often confluent and generalized 
through all the organs. The author concludes 
tliat young bacilli in the first week of their 
growth have less -virulence than those three 
weeks old. The pathogenicity which then 
characterizes them begins about the sixth day. 
The period during which the germs have only 
slight -virulence corresponds -with that during 
wliich many of them have not yet become acid- 
fast. These experiments are similar to those 
made by other workers, including P. Hauduroy 
(Le probleme des tuberculoses atjTiiques, Lau- 
sanne, 1946) who believes that the tubercle 
bacillus goes through an evolutionary cycle 
and that old and degenerating bacilli may also 
lack acid-fastness. — Elude de pmtvoir -paOio- 
ghne des bacilles tuberculeux, L. Nkgre, Selec- 
tion, April, 1947 , 1: SOS. — {A. T. Laird) 

Experimental Tuberculosis In the Syrian 
Hamster. — On account of the expense of feed- 
ing guinea pigs and rabbits, their slow rate of 
reproduction and the care required to rear 
them, the author, who is laboratory chief of 
the La-val Hospital in Quebec, has experi- 
mented with the golden or Syrian hamster 
(Cricetus Amatus). This is a small rodent of 
the Murides family, somewhat smaller than a 
Norway rat. The animal is about 30 cm. in 
length, has a short tail and is pro-vided -with 
two capacious pouches beginning one in each 
cheek and extending to its shoulders, which it 
stuffs with grain to store for the -winter. It 
lives in underground passages where it hiber- 
nates. It is easy to care for, neat and clean, 
and in capti-vityit is omnivorous. Other ad- 
vantages which it presents for e.xperimental 
work is its short period of gestation, sixteen 
days, and the number of its offspring, from 5 
to 11 per litter. These periods occur in rapid 
succession until hibernation wliich, however, 
lasts for about six months. It is relatively 
gentle if carefully handled. The animal has 


been used to some extent in the study of tropi- 
cal diseases and parasitic infections. Tlie 
author vished to determine its suitability for 
use in studying tuberculosis. The three ani- 
mals of a first group, weighing about 110 grams 
each, were given subcutaneous injections of 
0.1 rag. of a strain of human tjqie bacilli of 
average -virulence. Infection preceded verj' 
slowly and generalized tuberculosis developed 
only after three months. A second group of 
five was inoculated with 0.5 mg. of a xirulent 
bacillus which had been used previously in 
experiments with guinea pigs and rabbits. 
They were killed after intervals varying from 
fifteen days to four months. Tuberculosis 
developed slowly in this group also. The 
third group of five animals was inoculated 
with 0.5 mg. of a strain of bo-vine type tubercle 
bacilli. These animals showed a more rapid 
development of tuberculosis. The author 
concludes that the Ssuian hamster is not as 
useful for animal inoculation with tuberculosis 
as the guinea pig, but that it might be em- 
ployed with ad-vantage in differentiating the 
human and bo-vine types of tuberculosis. His 
findings confirm those of previous observers. — 
Tubcrcuhse expcrimcntale du hamster dorc, M. 
Giroux, Laval med., October, 1947, 12: 86S . — 
(A. T. Laird) 

Serein Albumin and Tween Medium. — ^It 
has been previously reported that although the 
presence of commercial T-ween SO (an ester of 
oleic acid) facilitates submeiged grovrth of 
tubercle bacilli in liquid media, initiation of 
growth with small inocula requires the addi- 
tion of serum albumin. It was also found that 
the chief inhibitor of growth against -which the 
albumin protects the tubercle bacilli is some 
unestcrified oleic acid present in the commer- 
cial Tween SO and further released from it dur- 
ing incubation. In the present paper the bac- 
teriostatic effect of Tween SO and the growth 
promoting effects, if any, of other proteins arc 
reported. Also the effect of albumin on sur- 
face growth -ssns studied. Direct proof that 
the Tween SO molecule itself is not bacterio- 
static was obtained by the preparation of ma- 
terial essentially free from fatty acid. Tween 
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80, freed of contaminating fatty acid, not only 
permitted growth, of small inocula, but pro- 
tected against small amounts of added oleic 
acid. It is unlikely that serum albumin in it- 
self ofiere any nutriment for the tubercle bacil- 
lus. It is a protective bacterial growth fac- 
tor; by binding traces of fatty acid in the 
medium it permits the unmolested growth of 
the smallest possible inoculum of tubercle 
bacilli . It is Idcely that the growth promoting 
effect of serum albumin on surface growth, 
when added to Long’s synthetic medium 
(which contains no Tween), is due to its ability 
to bind the traces of fatty acid often present. 
For this purpose undenatured albumin is re- 
quired. Crystalline beta-lactoglobulin has a 
smaller capacity, and a number of other pro- 
teins have no perceptible capacity to bind 
oleic acid. — The Binding of Fatty Acids by 
Serum, Albumin, a Protective Growth Factor in 
Bacteriological Media, B. D. Davis & R. J. 
Daios, J. Exper. Med., September, 1947, 86: 
215. — {J. S. Woolley) 

Effect of Lipase on Bacterial Growth. — 
Serum albumin is essential for the initiation of 
growth by small inocula of tubercle bacilli in a 
liquid medium containing “Tween 80” which 
promotes submerged growth of these organ- 
isms. The albumin acts ns a protective rather 
than a nutritive growth factor binding traces 
of unesterified fatty acid which inhibit growth 
of small inocula. The hydrolysis of “Tween 
80” by lipase in commercial albumin releases 
free fatty acid in bacteriostatic quantities ex- 
ceeding the binding capacities of the albumin. 
Elimination of lipase permits the cultivation 
of small inocula such as 2 or 3 bacteria. li- 
polysis was also found to account for the 
bacteriostatic effect of several materials of 
biological ori^n (serum, bacterial culture 
filtrates) observed only in media containing 
“To’een 80.” The effect can be eliminated by 
the destruction of the lipase by heating at 
50 C, by the use of commercial crystalline 
bovine serum albumin which is not perceptibly 
contaminated by lipase or by the addition to 
the medium of 0.01 per cent NaF, which in- 
hibits lipase but is not bacteriostatic to the 


tubercle bacillus. The effect can also be over- 
come by the use of a high concentration of al- 
bumin. Lipolytic activity also accounts for 
the bacteriostatic effect in this medium of 
horse serum and of a culture filtrate of M. 
phlei. This experience emphasizes the impor- 
tance of guarding against lipolytic effects when 
materials of biological origin are introduced 
into a Tween-containing medium for diagnos- 
tic work (e.g., blood culture) or chemothera- 
peutic studies {e.g., impure antibiotics). The 
use of “Tween 80” and tubercle bacilli pro- 
vides an exceedingly sensitive bioassay for 
lipase . Although the bacteriological work was 
confined to human type tubercle bacilli, the 
principles evolved are applicable to the 
cultivation, in the presence of esters, of any 
bacteria that are sensitive to free fatty acid. — 
The Inhibitory Effect of Lipase on Bacterial 
Growth in Media Containing Fatly Acid Es- 
ters, B. D. Davis & R. J. Dubos, J. Bad., Jan- 
uary, 1948, 55; 11. — (F. G. Peirik) 

Nature of Acid-fastness. — ^Evidence is pre- 
sented which suggests that the property of 
acid-fastness of the tubercle bacillus is depend- 
ent upon the permeability of the cytoplasmic 
membrane. When the bacillus is stained by 
the Ziehl-Neelsen method the dye gains en- 
trance into the cell through this membrane 
where a small portion of the dye is firmly ab- 
sorbed by the cytoplasm and the remainder 
is free. The free dye can be removed by im- 
meision in boiling neutral 50 per cent alcohol 
or boiling water without altering the acid- 
fast property. In the presence of “Tween 80” 
the dye is removed in thirty to sixty seconds as 
compared with five to seven minutes in the 
absence of Tween and more rapidly in boiling 
alcohol than in boiling water. The free dye 
can be precipitated to form beads and these 
bodies are often greater in diameter than the 
vddth of the cell. The location of beads can- 
not be predicted before formation, nor can evi- 
dence of their previous location be found after 
their dispersal. "When reformed they may be 
found in their original location, but just as 
often they occupy new positions in the cell. 
The granular form may be stained to show 
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beading but it was noted that the dj'e accumu- 
lates and is dispersed only in the granular por- 
tions and not in the imstained interspaces. 
The fact that tubercle bacilli are rendered non- 
acid-fast by trauma, autolj'sis, or the use of 
acid is satisfied by the proposed theorj': the 
action has been so severe tlrnt the cytoplasmic 
membrane no longer controls permeability 
with relation to the d5'e used. Free dye can 
be accumulated and redistributed in acid-fast 
mushroom spores showing that this pheno- 
menon is not peculiar to mycobacteria. — The 
Nature of Acid-Fastncss, D. Yegian & R. J. 
Vanderlinde, J. Bact., December, 1947, S4: 
777.— F. G. Petrik) 

Proteins of the Tubercle Bacillus. — The 
purpose of this paper is to proAude data from 
electrophoresis c-xperiments concerning the 
insoluble residue of tuberculin, this being the 
fraction left after extraction b}'- water and al- 
cohol-ether mi.\tures. The extraction and 
electrophoresis methods are described in de- 
tail. The principle fractions foimd in the 
residue mix-ture were identified as nucleic acid, 
a protein, and a carbohydrate. The protein 
has a veiy high tuberculin activity. — Physico- 
chemical Analysis of Protein Antigens Isolated 
from the Tubercle Bacillus, II, A. Gronwall, 
Upsal iSkaref. fSrh., June SO, 1947, p. S27 . — 
iJR. TT. Clarke) 

Passive Transfer of Tuberculin Sensitivity. 
— ^Homologous passive transfer of [tuberculin 
sensitivity was accomplished with the peri- 
toneal and splenic cells of guinea pigs infected 
with BCG strain of Mycobacterium tiibercido- 
sis. Intense reactions were elicited in the 
recipients with dilution of Old Tuberculin as 
high as 1:100. Animals receiving splenic 
cells were usually less sensitive. The duration 
of the tuberculin sensitivity was for only a few 
days and was accomplished only with fixing 
cells and after an incubation period of two to 
three daj's. This suggests that the sensitivity 
may be principal^' due to antibody elaborated 
bj' such cells during their residence in the re- 
cipient. — The Tubercidin Reaction: I. Passive 
Transfer of Tuberculin Sensitivity icith Cells 
of Tuberculous Guinea Pigs, W. F. Kirch- 


hcimcr & R. S. Wci-ser, Proc. Soc. Expcr. Biol. 
& Med., October, 1947, 66: 166.— F. B. Sei- 
bert) 

Passive Transfer of Tuberculin Type Hj^per- 
sensitivity. — The tuberculin tj^se of hji^er- 
sensithity was tran.sferred passively to nor- 
mal, unsensitized guinea pigs by injection of 
the cells of peritoneal e.\udate, 13'mph nodes, 
spleen and whole blood of tuberculin-sensitive 
guinea pigs. The passix^ely conferred sensi- 
tmty lasted four or five days. Positive re- 
sults, emplojdng suspensions containing 95 per 
cent of Ijmiphocjdos, suggest that this cell 
type may be of great importance in the trans- 
fer of sensitixdtj'. — Passive Cellular Transfer 
of the Tuberculin Type of Hypersensitimiy, 
A. B. Stavitsky, Proc. Soc. Expcr. Biol, (fc 
Med., February, 19.'^S, 67: 225. — F. B. Seibert) 

Lympholysis by Tuberculin.— -Mature 
13'mphocj'tes from the blood or spleen of nor- 
mal mice are not 13’sed b3’’ tuberculin or b3' the 
soluble substances derived from cultures of S. 
enteriditis. L3’mphoc3des from mice infected 
with tuberculosis or S. enteriditis are 13'sed 
specifically b3’’ the respective products from 
these organisms. Lymphol3'sis of mouse cells 
can be blocked by adequate amounts of phos- 
phate buffer at pH 7.2, b3' 0.5 per cent boxfine 
albumin in saline, or b5'^ saline alone. Lymphol- 
3’Bis of tuberculous guinea pig cells can be 
blocked by phosphate buffer or in complement- 
poor suspending fluids. Mouse granuloc3i:es, 
monoc3'tes and acute splenic tumor cells are 
not affected b3’- the specific l3diic agent before 
or after l3Tnphol3'sis. In the guinea pig, 
l3Tnphol3'sis is followed b3’’ destruction of 
granulocytes and monoc3i;es as well as some 
of the remaining l3Tnphoc3’tes. Specific bmi- 
pholysis can also be demonstrated in fresh 
heparinized mouse or guinea pig blood. — Lytic 
Effect of Bacterial Products on Lymphocytes 
of Tuberculosis Animals, C. B. Favour, Proc. 
Soc. Expcr. Biol. & Med., June, 1947, 65: 
269.— F. B. Seibert) 

Effect of Pneumotropic Virus on Pulmonary 
Tuberculosis in Mice. — ^Healthy mice may 
harbor in their lungs one or more xdruses in a 
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latent state. A second infection may serve to 
provoke or activate these agents and thus be 
affected by their presence. Experimental 
tuberculosis in mice might thus be influenced 
bj' the concurrent development of infection 
with a latent virus. To determine the effect of 
active virus on the coui-so of e.xperimental 
tuberculosis (pulmonary), mice were infected 
with both virus and bacilli. The infecting 
bacillus was H37Rv given intraperitoneally. 
The viruses used were a strain of pneumonia 
xdrus of mice (PVM15) and an influenza A 
virus (PR8), both administered intranasally. 
Two strains of albino mice, both similarly sus- 
ceptible to tuberculous infection, were em- 
ployed. In the first series of e,xperiments the 
virus and the bacilli were given almost simul- 
taneously, the virus in various strengths and the 
bacilli usually in the same amount. A control 
group received no virus. At the end of 3 weeks 
all surviving mice were killed. It was found 
that of the animals receiving tubercle bacilli 
alone, 17 per cent showed pulmonary lesions 
(score ratio = 0.061), whereas of those receiving 
tubercle bacilli and a full dose of PVM, 73 per 
cent showed definite tuberculous lung lesions 
with a score ratio of 0.329. A tenfold de- 
crease in the amount of the virus inoculated 
did not decrease the effects of the viral infec- 
tion on the course of the tuberculous infection. 
A decrease of 100-fold in the amount of virus 
inoculated caused some decrease in its effect 
which was, however, still substantial. The 
influenza virus was also found to enhance pul- 
monary tuberculosis in mice in a manner anal- 
ogous to infection induced udth PVM. The 
viruses employed were diluted in broth 
containing inactivated horse serum. The in- 
tranasal instillation of the diluent alone ap- 
parently had no enhancing effect on the pul- 
monaiy tuberculosis, but when fresh human 
serum was used there was much enhancement 
of the pulmonary lesion. It seems probable 
that this activates the PVM latent in the 
mouse lung. In another set of experiments 
the virus was not administered to the mice 
until three weeks after infection with tubercle 
bacilli. As it was necessaij' that the nTn'mnlg 
live longer than in the previous e.xperiment the 
dosage of tubercle bacilli was considerably less. 


The overall length of the experiment was six 
weeks. Even under these conditions the in- 
stillation of PVM or PUS increased both the 
incidence and extent of pulmonary tuberculous 
lesions . When the inoculum of tubercle bacilli 
was verj’' small neither virus caused any defi- 
nite alteration in the course of the tuberculous 
process. Microscopic examination showed no 
significant qualitative differences between the 
tuberculorrs lesions in the limgs of mice which 
received tubercle bacilli alone or tirbercle ba- 
cilli plus the viruses. However, striking quan- 
titative differences were observed as indicated 
by the scoring. There was no doubt of the 
tuberculous nature of the lesions seen for, be- 
sides their typical histological appearance, 
tubercle bacilli were often present in tremen- 
dous numbers. The lesions induced by either 
of the viruses are very different from those 
cairsed by tubercle bacilli and can be readily 
recognized. The course of pulmonary tuber- 
cidosis in the mouse appears to be accelerated 
as a result of concurrent infection of the lung 
with either of the two pneumotropic viruses 
studied. Tliis effect is obtained with virus 
inocula suSiciently small as to mduce little or 
no definite viral pneumonia. — The Enhancing 
effect of Concurrent Infection with Pneumotropic 
Virueee in Pulmonary Tuberculosis in Mice, 
M. Volkert, C. Pierce, F. L. Horsfall, Jr. & 
R. J. Dubos, J. Exper. Med., September, 1947, 
86: 203 . — (/. S. Woolley) 

Recovery In Experimental FriedlandePs 
Bacillus Pneumonia. — ^Recent studies of the 
mechanism of recovery in pneumococcal pneu- 
monia have shown that “surface phagocytosis” 
can bring about destruction of pneumococci 
in the lung in the absence of type-spe- 
cific immune bodies. The present inves- 
tigation deals with Friedlander’s bacillus pneu- 
monia in rats. Friedlander’s bacillus and the 
pneumococcus are both encapsulated oi^gan- 
isms, the former is Gram-n(^ative and the 
latter Gram-positive, and their immune reac- 
tions are similar. Tliis, the first of three 
papers dealing with the mechanism of recovery 
in e.xperimental Friedlander’s imeumonia, dis- 
cuss^ the evolution of the disease. Pneu- 
monia was produced in white rats b}’' the 
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intrabronchial inoculation of the bacilli sus- 
pended in mucin. The pneumonia was lobar 
in type, was almost universally fatal, and 
simulated the acute form of the natural dis- 
ease in human beings. The pathogenesis of 
the pneumonic lesion was studied by nxamina- 
tion of the lungs of animals killed at frequent 
intervals during the course of the infection. 
Histologically the various stages of the pneu- 
monia were essentially the same as in avperi- 
mental pneumococcal pneumonia except for 
the following differences: (1) In isolated areas 
in Priedlander’s pneumonia many more bac- 
teria were encountered in the alveoli than 
were ever noted in the pneumococcal pneu- 
monia. (S) Abscess formation was common 
in the late stages of Friedlander’s infection, 
whereas it was not noted in the pneumococcal 
lesion. (S) Organization of the alveolar exu- 
date, rarely observed in experimental pneu- 
mococcal pneumonia, was a prominent feature 
of the pneumonia due to the Friedlander’s 
bacillus. The mechanism of spread of the 
Friedlander’s lesion appeared to be the same 
as that of pneumococcal pneumonia, vis., by 
way of infected edema fluid. Likewise there 
was noted the same phagocytosis of organisms 
in the lungs of even bacteremic animals djdng 
of the infection . — Sttidies on ike Mechanism of 
Recovery in Pneumonia Due to Friedl&nder's 
Bacillus: I. The Pcdhogejiesis of Experimental 
Friedldnder’s Bacillus Pneumonia, L. Sale, 
Jr. <fe TF. B. Wood, Jr., J. Exper. Med., Sep- 
tember, 1947, 86: 2S9.—{J. S. Woolley) 

Recovery in Experimental Friedlander’s 
Bacillus Pneumonia. — ^Both clinical and ex- 
perimental studies indicate that infections 
due to Friedlander’s bacillus may be favor- 
abl}'' affected by sulfonamide chemotherapy. 
The present report (part H of the studies on 
recoverjO deals with the effect of such chemo- 
therapy upon the pulmonary lesion in experi- 
mental Friedlander’s pneumonia in rats. Sul- 
fadiazine and sulfamerazine were administered 
through a blunt cannula by way of the mouth. 
When treatment with either of these drugs was 
begun 6 hours after inoculation, more than 90 
per cent of the animals sundved this otherwise 


fatal form of pneumonia. When treatment 
was delayed as late as 18 hours none of the 
animals survdved. In those recovering most 
of the pneumonic lesions cleared completely, 
but an occasional animal e-xhibited .small re- 
sidual abscesses in the previously consolidated 
lungs. The recovery process in the lungs was 
studied histologically at various intervals 
during the therapy. As in the case of pneu- 
mococcal pneumorua, the principal action of 
the sulfonamide was upon the bacteria in the 
zone of advancing edema at the periphery of 
the pneumonic lesion. The drug appeared to 
stop the spread of the pneumonia, and the 
Friedlander bacilli were ultimately ingested 
and destro 3 "ed b}' the phagocsdic cells in the 
alveolar exudate. Once phagocytes have 
accumulated in sufBcient number in the in- 
fected alveoli, they destroy the bacilli by the 
same phagoc 3 dic process that operates in the 
zone of consoh’dation in untreated animals. 
The phagoc 3 dosis of bacteria in the lungs is 
apparently imrelated to the presence of anti- 
body (opsonin) in the blood, for it occurs be- 
fore antibody has had time to develop. — 
Studies on the Mechanism of Recovery in Pneu- 
monia Due to Friedldnder’s Bacillus: II. The 
Effect of Sulfonamide Chemotherapy upon the 
Pulmonary Lesion of Experimental Fried- 
ldnder’s Bacillus Pneumonia, L. Sale, Jr., M. 
R. Smith & W. Barry Wood, Jr., J. Exper. 
Med., September, 194", S6; 249 . — (/. S. Wool- 
ley) 

Recovery In Experimental Friedlander’s 
Bacillus Pneumonia. — ^As reported in part IT, 
encapsulated Friedlander’s bacilli are de- 
stro 3 'ed by leucocytes in the pneumonic lungs 
of rats in the absence of circulating or local 
antibody. In a series of delicate experiments 
it is now shown that this is brought about by 
the same “surface phagQC3dosis” which oper- 
ates in the case of the Type I pneumococcus 
under similar conditions. Direct observa- 
tion of the phagocytic process reveals that 
Ieucoc 3 des in the lung can phagoc 3 ’fosc unop- 
sonized Friedlander’s bacilli only* by' trapping 
them against the surfaces of alveolar walls, 
or by pinning them against the surfaces of ad- 
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jacent leucocytes. Evidence is presented that 
the bacilli thus phagocytosed are rapidly killed 
in the cytoplasm of the phagocytic cells. The 
failure of prolonged chemotherapy to cure the 
lung abscesses that not infrequently com- 
plicate Friedlander’s pneumonia is apparently 
due to the facts that, in the absence of nor- 
mal alveolar walls, surface phagocytosis is 
relatively inefficient, and in addition the ab- 
sence of oxygen renders the phagocytes sluggish 
or even nonviable . — Studies on the Mecha- 
nism of Recovery in Pneumonia Due to Fried- 
lander’s Bacillus: III. The Role of “Surface 
Phagocytosis” in the Destruction of the Micro- 
organisms in the Lung, M. R. Smith & W. B, 
Wood, Jr., J. Exper. Med., September, 1947, 
86: 257. — (J. S. Woolley) 

Bacteriophage tor Mycobacterium smegma- 
Us. — A bacteriophage specific for M. smegma- 
lis was isolated from samples of compost and 
soil by specific enrichment with a heavy 
washed suspension of M. smegmatis. — A Bac- 
teriophage for Mycobacterium smegmatis, Grace 
M. Gardner & R. S. Weiser, Proc, Soc. Exper. 
Biol, rfc Med., October, 1947, 66: 205. — -(F. B. 
Seibert) 

Insulin Tolerance in Amyloidosis. — Ins ulin 
tolerance tests were given to 7 patients with 
amyloidosis and 7 patients with cirrhosis, all 
tuberculous, in an attempt to determine if 
hepatic dysfunction were the sole cause of in- 
sulin resistance and impaired response to hy- 
poglycemia usually demonstrable in amyloid 
disease. Although the effects of impaired 
nutrition and/or infection could not be defi- 
nitely ruled out in influencing the results, in- 
sofar as similar insulin resistant curves were 
demonstrated in both groups, the conclusion 
is warranted that in amyloid disease impair- 
ment of liver function is responsible for the 
increased insulin resistance. — The Insulin Tol- 
erance Test in Amyloidosis, S. London, Quart. 
Bull. Sea View Hasp., April, 1947, 9: 137 . — 
(P. Q. Edwards) 

X-Ray Cataloguing.— This is a description 
of the system employed in the Department of 


Eoentgenology at the University of Michigan 
for cataloguing permanent X-ray records in 
order to facilitate their profitable use for re- 
search and teaching. Indexing and catalogu- 
ing is carried out at the time of each patient- 
visit and, since the observations are to be 
translated into a numerical code, the tabula- 
tion provides a clear picture of their actual 
practical importance and forces the radiologist 
to avoid loose, meaningless, ambiguous state- 
ments and to phrase his comments in terse, 
meaningful English. The roentgenological 
findings are broken down into ten anatomical 
divisions. All statements are filed in ten diag- 
nostical categories, and within each category 
all entries are segregated in separate varieties 
by means of punch cards and sorting machines. 
At the end of each year, the catalogued ma- 
terial is printed by a mechanical tabulating 
machine, 50 entries to a page, and boimd into 
four volumes. For each individual patient, a 
separate coded entry is made; an asterisk is 
used to indicate a case of “special interest”. 
For cataloguing these cases. Special Interest 
pages are provided in the index; carbon copies 
of the original X-ray findings follow the index 
in loose-leaf form . — Cataloguing X-Ray Ex- 
periences, F. J. Hodges, Publ. Health Rep., 
August 1, 1947 , 62: 1129 . — (0. Pinner) 

Abnormal X-ray Findings. — ^The authors 
warn against confused thinking in mass radio- 
graphic programs. Pulmonary tuberculosis 
should not be diagnosed on the basis of one 
original X-ray film alone. If no tubercle 
bacilli are found the diagnosis should be “sus- 
pected tuberculosis”, and if, in addition, the 
tuberculin test is negative, other reasons t.hnn 
tuberculosis must be found even for strongly 
suggestive shadows, including cavities. A 
provisional guide for disposition of persons 
with abnormal pulmonary X-ray findings, 
based on recent extensive experience in the 
United States and Denmark, is presented for 
use by the Tuberculosis Control Division, U. 
S. Public Health Service. Prerequisites for 
proper diagnosis are: (1) examination for 
tubercle bacilli; (5) identification of cavity on a 
14" .X 17" film, classifying lesions as present, 



42 


ABSTRACTS 


suspected, or absent; (3) tuberculin test; (4) 
evaluation of principal sjunpioms, i. e. tem- 
perature elevation, fatigue, and loss of weight. 
The routine procedure to be used during the 
one to three ■vdsits necessary to obtain and 
evaluate the four tj'pes of iBndings is described. 
The Guide shows nine principal groups into 
which the results of a person’s examination 
may fall according to the presence, absence, 
or coexistence of the several findings, and out- 
lines, for each of these groups, the follow-up 
and disposition of cases. The same methods 
are used for contacts vith abnormal X-ray 
findings, whereas different procedures are 
used for follow-up and disposition of those con- 
tacts who have no abnormal X-my findings. 
No person is told that he has tuberculosis un- 
less a positive tuberculin test and bacillary- 
findings have corroborated the “suspected 
tuberculosis” on the filnr. No person merely 
suspected is sent to a sanatorium. Even if he 
has symptoms, he can be obser%'ed in a clinic 
or local hospital. Thus he is spared psy- 
chological trauma and the risk of unwarranted 
hospitalization, and scarce sanatorium beds 
are re5er\'ed for infectious cases. — Guide for 
Disposition of Persons With Abnormal Pul- 
monary Findings on X-ray Films, H. E. Hil- 
leboe & J. Holm, Joum.-Lanc., June 1947, 67: 
2S4. — (0. Pinner) 

Radiological Differentiation between Peri- 
cardial Effusion and Cardiac Dilatation. — In 
spite of the growing knowledge of the morbid 
anatomj’- and pathological physiologj' of the 
pericardium, the diagnosis of pericardial effu- 
sion has remained the perple-xing problem that 
it has alwaj-s been. In the author’s e.xperience 
two stages of pericardial effusion are not 
readily diagnosed; the early fluid accumulation 
which does not as j-et display the classical 
sjuaptoms, and tlie e.xtreme filling of the peri- 
cardial sac, which must be differentiated from 
the heart enlargement due to rheumatic in- 
volvement, thyroto.xicosis, m 5 ’xedema, and 
various tj^pes of mycardial damage. In refer- 
ence to the eariy roentgenologic recognition of 
pericardial effusion, certain statements arc 
generally accepted: (I) that sm.aller amounts 


of fluid, up to 250 or 300 cc., are usually not 
detectable fluoroscopically or on films; (S) that 
with the means available today it is not pos- 
sible to differentiate between the heart shadow 
and the pericardial fluid shadow on the basis 
of difference in densit 3 ^ Even these funda- 
mental rules will have to be re%’ised, since 
with modern electric de\dces the limit of our 
perceptibility is constantlj’- advanced and per- 
cussion and auscultation become the tools of 
another age. Tire author investigates, to 
good advantage, the xmlue of the Valsah'a test, 
apparentl}’- not previously applied to the 
problem. The dilated heart shows more 
marked changes in size and shape than the 
heart enclosed in pericardial fluid or even the 
normal heart. In changing from the Valsalva 
to the Mueller test, the weak pulsations of the 
dilated heart increase and become visible. 
In the presence of pericardial effusion, such 
pulsatory changes do not occur in equal 
measure. Obser^Tition of the angle of the 
bronchial bifurcation is further su^ested as a 
diagnostic aid. Its ^dsibility is frequently 
obscured in pericardial effusion. Visibilitj' 
and widening to 100° to 130° favor a diagnosis 
of auricular enlargement or hilus tumor. Ab- 
sence of lateral and posterior displacement of 
the esophagus, or a rather shallow, wide 
curved pressure zone along the whole length 
of the lower esophagus favors the diagnosis of 
pericardial effusion. Lateral and posterior 
displacement and localized auricular impres- 
sion favor cardiac enlargement. Diminution 
or absence of cardiac pulsation is an important 
diagnostic sign of pericardial effusion, demon- 
strable b}' kj'mogiaph 3 '. — Radiological Dif- 
ferentiation between Pericardia! Eifxtsion and 
Cardiac Dilatation, J. Arendl, Radiology, Jan- 
uary, 194s, SO: 44- — {G- F. Mitchell) 

Hilar Densities Simulating Neoplasms. — 
The value and importance of serial roentgeno- 
grams in establishing a diagnosis of pulmonnrj’ 
carcinoma after making use of all informative 
aids, such as history and bronchoscop.v, is 
stressed. Hilar densities as found in single 
posteroanterior chest films is the chief con- 
cern of the autlior. Films showing hihrr den- 
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sities of central pneumonia, Loeffier’s eosmo- 
philic pneumonia, primarj’- hilar tuberculosis, 
lung abscess, and delayed resolution of pneu- 
monia, all simulating bronchogenic carcmoma, 
are discussed. Roentgenograms in such cases 
Tinn y pattern themselves very closely after the 
early stages of the hilar type of bronchogenic 
carcmoma including, as well, progression into 
cavernous and pneumonic tyims. The radio- 
logist, when interpreting hilar densities of tliis 
tjTJe, should not malre an etiologic diagnosis 
on the basis of a single roentgenogram, since 
there are no criteria pathognomonic of the 
neoplastic lesion described in this paper. — 
Hilar Densities Simulating Neoplasms, C. 
GoUleib & H. S. Skarlin, Radiology, January, 
1948, SO: 57— (G. F. Mitchell) 

FriedlSnder's Pneumonia In Infancy. — 
Pneumonia caused by K. pneumoniae occurs 
with e.\treme rarity in infants and children. 
Only 4 cases have been reported in the litera- 
ture. There are two possible tj^pes of lung 
infection: a lobar form very much like pneu- 
mococcus pneumonia, and a chronic form simi- 
lar to tuberculosis. The chronic form may 
follow the acute infection. Diagnosis is usu- 
ally a bacteriologic matter, and is usually a 
surprise. A case is reported of an undernour- 
ished infant who had required resuscitation at 
birth. On the third postnatal day it was 
noted to be doing badly, and to have a thick 
yellow mucoid discharge from the nose and 
tlunat. On the nineteenth day, inspiratory 
r41es were heard at the apices, a leucocytosis 
was present, and an X-ray film showed cloud- 
ing in the apices and globular densities in the 
right mid-lung and left basal areas. Penicillin 
and sulfadiazine were given for several days, 
and the rfiles cleared. In a few days a fever 
began, and the medication was repeated with- 
out effect. At the same time a culture from 
the nose and throat revealed K. pneumoniae. 
Streptomycin was immediately started in place 
of the other drugs, 0.67 g. daily in 8 dimded 
doses, and this was continued for ten daj^. 
The fever dropped at once, the clinical condi- 
tion began to improve steadily, and the X-ray 
densities b(^n to clear. The cultures be- 


came negative in two and a half weeks, the 
rdles cleared somewhat, but large cystic rare- 
factions became visible in both lung fields by 
radiography. These “cavities” were still 
present a month after the cultures became 
negative, and while the infant was home in ap- 
parentlj’' good health. The more frequent use 
of cultures in the pneumonias of infancy will 
doubtless reveal more cases, and allow a selec- 
tive use of the available drugs. — Friedl&nder's 
Pneumonia in Infancy, B. TP. Miller, H. W. 
Orris & H. H. Janis, J. Pediat., November, 
1947 , 31: 521. — (TP. H. Oatway, Jr.) 

Staphylococcal Pneumonia. — ^Primary staph- 
ylococcal pneumonia is one of the gravest 
forms of staphylococcus infection in childliood. 
The authors report 55 sporadic fatal cases 
with necropsies in children under the age of 7 
years, seen in a general hospital; two-thirds 
were under 6 months of age. A series of 16 
fatal cases in a nursery epidemic also are re- 
ported. The epidemic form often is asso- 
ciated with outbreaks of virus influenza. The 
sporadic form is predominantly a children’s 
disease, occurring particularly during the 
neonatal period. In the 55 sporadic cases, 
pulmonary consolidation was the predominant 
feature in 45; in the other 10 cases, the pneu- 
monia was associated \vith suppurative bron- 
chitis and bronchiolitis; there was acute 
bronchiectasis in 2 and pulmonary abscess in 3 
cases. The consolidation varied from a dark- 
red hemorrhagic pneumonia simulating the 
lobar type both in appearance and distribu- 
tion to a diffuse gray pneumonia with suppura- 
tive softening which sometimes amounted to a 
localized abscess. The simple type was 
seen in 10 cases; in these, the duration of ill- 
ness had been less than two days. If the ill- 
ness had lasted longer, it was common to find 
early suppurative changes. Fibrinous pleu- 
risy was seen in 16 and empyema in 26 cases. 
The empyema was usually unilateral. Pyo- 
pneumothorax was seen in only one and 
purulent pericarditis in 2 cases. Tlrere were 
no metastatic abscesses. The microscopic 
changes varied in accordance with the macro- 
scopic. Where the condition grossly was 
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mainly hemorrhagic consolidation, nucro- 
scopic examination showed groups of alveoli 
packed with red cells. At the mar^ns, al- 
veoli contained fibrin-free edema fluid with 
occasional phagocj4es and clusters of gram- 
positive cocci. In cases which had survived a 
few da 5 's, there were suppurative foci, often 
vdth bronchitis, bronchiolitis and e.\-tensive 
infiltration and destruction of the bronchiolar 
walls. The nursery outbreak involved mostly 
premature infants. The children were heal- 
thy at birth but many mothers and nurses had 
influenza. They underwent sudden collapse a 
few days after birth and died in twenty-four 
to forty-eight hours. The pneumonia was 
diffuse in 12 and localized in 4 cases. Of the 
12, 6 were hemorrhagic, 5 had ordmaiy non- 
suppurative bronchopneumonia and 1 had 
multiple abscesses. The other 4 also had mul- 
tiple abscesses. None had emp 3 '^ema. Tire 
bronchi were free of inflammation and exuda- 
tion. Microscopically, there were areas of 
hemorrhagic and suppurative pneumonia with 
purulent broncliitis and broncluolitis. Staph- 
jdococoi Tvere found in the throats of many 
nurses. The milk supply was found to be un- 
contaminated. The infection is bronchogenic 
in origin. Diagnosis is difficult. Valuable 
time is lost in waiting for the uncertain results 
of bacteriological studies. The authors 
recommend immediate institution of oral and 
intramuscular penicillin therapj-', supple- 
mented bj' sulfadiazine and o.xygon. — Staphy- 
lococcal Pneumonia in Childhood, K. J. Chdh- 
ric & G. L. Montgomery, Lancet, November 22, 
1947, 2: 752.— {A. G. Cohen) 

Meningococcal Pneumonia. — ^This is a rare 
condition. In one month, 2 cases were seen. 
There was no meningitis in either case. In 
one, meningococci were found in the blood- 
stream, but not in the sputum. In the other, 
the organism was recovered from both sputum 
and pleural fluid . — Meningococcal Pneumonia, 
I. B. Brick, New England J. Med., February 
26, 194 s, 238: 2S9.—(A. G. Cohen) 

Therapy of Pertussis and Pneumonia. — 
"Dventy-six infants with uncomplicated per- 


tussis were given hyperimmune gamma globu- 
lin (2.5 cc. daily for four daj's intramuscu- 
larly); no case developed pneumonia, no case 
died, and two-thirds had a good or axcellent 
response. Twenty-six infants with pertussis 
and pneumonia were treated with the globulin 
and with 130 mg. of sulfadiazine per kilogram 
per day by mouth; most of these were very ill 
when first seen. Two died (7.7 per cent), but 
neither death could be attributed to failure of 
therapy. Hie recovery of the others was 
often dramatic . — The Treatment of Pertussis 
.and Pneumonia Complicating Pertussis; The 
Role of Hyperimmune Gamma Globulin and 
Sulfadimine, H. Brainerd, J. Pedial., Jan- 
uary, 194 s, 32: SO. — (TF. H. Oatway, Jr.) 

Streptomycin for H. Influenzae Empyema. 
— ^Pneumococci cause 75 to SO per cent of em- 
pyemas, and staphylococci and streptococci 
account for all but 1 per cent of the remainder. 
H. influenzae is one of the rare pleural in- 
vaders, and onty a few instances of streptomy- 
cin therapy have been reported. The case is 
reported of a girl, aged ten years, who was 
seen a month after the onset of a respiratory' 
illness with pneumom'tis, empyema, mild car- 
diac decompensation, and evidences of cere- 
bral and renal embolism. After a good initial 
response to penicillin the influenza bacilli be- 
came resistant. Large doses of streptomycin 
(250,000 units every three hours for a total of 
20 gm.) were given, and 500,000 units were left 
in the pleural space after each of eight thora- 
centeses. The empyema decreased in amount 
and became sterile, but the fever and clinical 
condition did not improve until about three 
weeks after the drug was discontinued. The 
child then became well during the ensuing 
three months . — Streptomycin Treatment of 
Empyema Caused by Hemophilus Influenzae, 
A. J. Fisher <£ E. B. Shaw, Am. J. Dis. Child., 
October, 1947 , 74: 46S. — (IF. H. Oaiway,Jr.) 

Viral Pneumonia . — Primary atypical pneu- 
monia is the term used to sigmfy the tjTio of 
viral pneumonia which has been prevalent in 
recent years. The cause has not been defi- 
nitely established, but it is believed to lie a 
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filter-passing ngent, presumably a. \'irus. 
Pathologic data are relatively meager because 
the case mortality rate has been so low. An 
acute bronchiolitis and interstitial pneumoni- 
tis have been noted. Pleural surfaces were 
smooth. Tlie amount of edema or hemor- 
rhage in the parcnchjTna showed great wria- 
tion. The microscopic picture was ^•ariable. 
Primarj- atniical pneumonia appears to be 
transmitted from man to man by the respira- 
tory route. The incubation period is usually 
ten to fourteen d.aj's with a range of five to 
twenty-one daj:s. Tlic disease appears to bo 
moderately communicable. Epidemics tend 
to run a period of many months. All age 
groups are affected. Sporadic cases occur at 
frequent intervals in the general population. 
Tlie duration of immunit}’’ following one at- 
tack has not been definitely established. The 
onset is usuallj'' gradual. Tlie most common 
symptoms are fever, chills, cough, malaise and 
headache. Corj’za and sore throat arc less 
common. Chest pain is often noted. Physi- 
cal examination is usually unremarkable ex- 
cept that the patient appears somewhat ill, 
the pharjTax is often moderatclj' injected, and 
chest examination often reveals small areas of 
dulness and subcrepitant r&les. The subse- 
quent course is quite variable. Most patients 
never appear severely ill. For each patient 
who develops pneumonia, there are three to 
ten times as many who have the virus infec- 
tion, but who do not develop pneumonia. 
Only about one-fifth of the patients with 
pneumonia become seriously ill, with pro- 
longed fever and extensive pulmonary infiltra- 
tion. The white blood count is usually within 
normal limits. Counts exceeding 12,000 are 
exceptional unless there is a concurrent bac- 
terial infection. As the disease progresses, 
however, the white count tends to rise. The 
sedimentation rate is elevated early in the 
course of the pneiunonia and returns gradually 
to normal. Chest X-ray films reveal areas of 
increased density compatible with pneumonia. 
Fifty-six per cent of 801 patients with a clini- 
cal diagnosis of primary atypical pneumonia 
reveal si^ificant titers of cold agglutinins in 
the convalescent sera. Comparable titers 


(40 or over) were found in only 4.4 per cent of 
1,719 patients with other diseases, and in 8.1 
per cent of 209 normal subjects. The 
agglutinin titer, in general, begins to rise be- 
tween the seventh and fourteenth days after 
onset, reaches a peak about throe weeks after 
onset, and then falls off fairly rapidly. In cer- 
tain patients titers remain significantly elc- 
x-ated for only a short period. Blood serum 
had best be examined during the first week of 
the illness and one or more specimens collected 
after the twelfth day of the disease. The test 
has considerable practical value as a means of 
class! fjdng cases of primary atjTiical pneu- 
monia. Using the streptococcus MG agglu- 
tinins, Horsfall found that 48.9 per cent of 438 
cases of primaiy atypical pneumonia showed 
titers of 20 or more, while only 5.1 per cent of 
349 patients with other diseases and 5.3 per 
cent of 357 normal subjects showed titers as 
high as this. In general, patients developing 
streptococcal agglutinins also develop cold 
agglutinins, but many patients with the latter 
do not have the former in significant titer. 
For this reason the cold agglutination test 
appears to be more useful for dbgnosis. The 
significance of cold agglutinins and other strep- 
tococcal antibodies is not yet clear. Treat- 
ment: Therapj’- remains symptomatic. Sul- 
fonamides and penicillin have no definite ther- 
apeutic effect. Treatment with convalescent 
serum has not been proved effective. Codeine 
is useful for patients with distressmg cough. 
0.xygen may be necessary for severely 3l pa- 
tients. Convalescence may often bo long. 
Viruses in the psitiacosis group: This virus is 
present not only in psittacine birds, but also in 
pigeons, doves, domestic poultry, sea birds, 
and probably other avian species. The latent 
virus has been recovered from rodents and 
cats. The number of human cases of pneu- 
monia caused by psittacine viruses is relatively 
small. Pneumonia caused by the psittacosis 
virus is often much more severe than ordinary 
primary atypical pneumonia. Psittacosis 
pneumonia may have a case fatality rate of 
between 20 and 40 per cent. It is important 
to note that experimentally the psittacosis 
group of viruses are susceptible to penicfilin 
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and preliminary clinical trials in humans have 
been definitely encouraging. Clinically the 
patient is sicker than with a simple pneumonia. 
The white count is usually low, although con- 
siderable variation occurs. X-ray findings 
are indistinguishable from those seen in other 
\’iral pneumonias. Diagnosis can be estab- 
lished by isolation of the agent from spu- 
tum or, in early cases, the blood, or by demon- 
strating a greater than four-fold increase in 
antibody titer in compliment fixation tests 
with acute and convalescent sera. There is no 
significant increase in either cold or streptococ- 
cus MG agglutinin titer. Treatment should 
be instituted with penicillin as soon as the 
diagnosis appears resonably well founded on 
clinical grounds since laboratory confirmation 
cannot be expected at an early date. At least 
50,000 units intramuscularly every three hours 
should be used. Injluemal jmeiimonia: Either 
tj^Mj A or type B influenza virus may cause a 
primary Aural pneumonia, or may initiate bac- 
terial or mixed viral and bacterial pneumonia. 
There is at present no specific treatment for 
primary influenza viral pneunronia. Sec- 
ondar}'’ bacterial pneumonia responds favor- 
ably to sulfomamide or penicillin therapy. Q 
faier: This rickettaia may be responsible for a 
tjT>e of pneumonia virtually indistinguishable 
from the ordinarj' Aural pneumonia. Clini- 
cally the cases are indistinguishable. No 
specific therapy is aA'ailable. Diagnosis rests 
on laboratorj' means. — Viral Pneumonia, G. 
Meiklejohn, M. Clin. North America, Novem- 
ber, 194?, 31: 144£.—(B. Hyde) 

Pneumonia of Azygos Lobe. — A case report 
of an 18-year-old male with pneumonia of the 
azj^os lobe, which resoh’'ed on a full course of 
sulfacfiazinc, is presented. Pulmonarj' tuber- 
culosis, apical s^piental consolidation, seg- 
mental atelectasis, mediastinal effusion, and 
mediastinal neoplasm were considered in the 
differential diagnosis. — Pneumonia of the Lobe 
of the Azygos Vein, T. C. Studdert & A. K. 
Turnbull, Brit. J. Radiol, March, 1947, 20: 
119.— {B. Hyde) 

Treatment of Pneumonia. — Lobar pnea- 
monta— abrupt onset with chill, fcA'cr, cough. 


sh.arp chest pain, dyspnea, nisty or blood- 
streaked sputum. There may be splinting of 
the affected side of the chest, pleural friction 
rub, dutoess to i^ercussion and tubular breath- 
ing. Chest X-ray reveals a dense, homogen- 
eous shadow. Pneumococci are the causative 
organisms in 97 per cent of attacks of lobar 
pneumonia. Sulfadiazine is tlie sulfonamide 
of choice in therapy. Dosage may be 4 g. 
followed by 2 g. in two and four hours, fol- 
lowed by 1.0 g. eA^ery four hours day and night 
until temperature reaches normal and remains 
there for forty-eight to seventy-two hours. 
Reactions may occur in 10 per cent of patients. 
To prevent renal complications, patient should 
receive 3,000 centimeters of fluids daily; also 
2 g. of sodium bicarbonate three times a daJ^ 
Other toxic reactions are skin reactions, fcATr 
and blood changes. Penicillin is effectiv’e 
against pneumococci as well as other gram 
positive organisms. Dosage may be 20,000 
units eveiy three hours of the aqueous solu- 
tion, or a daily injection of penicillin beeswax 
and oil, 200,000 to 300,000 units. Penicillin 
may be given orally, an initial dose of 200,000 
units, followed bj' 100,000 units eveiy three 
hours. Results of chemotherapy are clear. 
Before specific therapy, the mortality rate 
at Cook County Hospital, Chicago, was about 
35 per cent (24 to 48 per cent). With chemo- 
therapy, the mortality rate has dropped to 12 
per cent (40 per cent of these were patients 
who were moribund on admission). Anti- 
pneumococcus serum may be used if sputum 
pneumococci are tjTped. It may be used with 
chemotherapy in cases where the prognosis is 
dubious. Atypical pneumonia occurs more 
frequently in adolescents and young adults. 
The lungs may be clear for several deja. The 
leucocjde count tends to be normal. Chest 
X-ray ma}' rcA'eal only increased hilar mark- 
ings nith possible irregular shadows, or there 
may be more e.xtensive mottling. A virus 
origin is likel 3 ^ There is no specific theiapj'. 
Bed-rest and sjmptomatic care arc the rule. 
Sulfadiazine and penicillin often arc used and 
results niaj’ be most gratifying. Broncho- 
pneumonia is usuallj' secondary to other infec- 
tions. It is usuallj’ bilateral. Penicillin is 
usually more effectiA-e than sulfndiarine. Ex- 
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pert nursing care is necessary. If the causa- 
tive organism is the beta hemolji,ic streptococ- 
cus, sulfadiazine should be used, and eontinued 
for at least one week of normal temperature. 
Aspiralton pneumonia — there is a necrotic as 
well as an infectious process present. The 
cough refle.v is diminished or absent. This 
may occur in coma and the symptoms may be 
proformd. Prophylaxis is important since the 
prognosis is grave. Penicillin is used for ther- 
apy. Friedlander pneumonia may be lobar or 
lobular. Sulfadiazine and streptomj'cin arc 
most effective in treatment . — The Treatment 
of Pneumonia, F. B. Kelly, M. Clin. North 
America, January, 1947, 31: 58. — (L. Hyde) 

Penicillin for Juvenile Respiratory Infec- 
tions. — One hundred and forty-three infants 
and children with acute respiratory infections, 
and v-ith fevers of at least 100° F. on admission 
to the hospital, were given penicillin by mouth. 
The drug was crystalline type G, unbuffered. 
The dosage was varied according to age, but 
averaged 3,000 U. per kilogram body weight, 
and was pven every three hours. The blood 
levels were satisfactory and well maintained 
in children from one to 12 years of agej they 
were liigher in infants of less than one year. 
Two-thirds ^owed good results, i.e., subsi- 
dence of fever and clinical improvement within 
forty-eight hours. A %'iru8 component was 
probably present in many cases. Evaluation 
on the basis of cultures or blood counts 
changed the results only slightly. The 
method is considered to be valuable . — The 
Treatment of Acute Respiratory Infections in 
Children with Orally Administered Unbuffered 
Penicillin Solutions, W. S. Hoffman, J. W. 
Hofer & H. Gordon, J. Pediai., J anuary, 194S, 
32: 1. — (W. H. Oatway, Jr.) 

Inhalation of Penicillin Dust. — The prin- 
ciple utilized in this newer method is based on 
the negative pressure created during normal 
inspiration. It is felt that inhaling penicillin 
dust in this manner is more physiological and 
permits a more even and perhaps wider dis- 
tribution of medicament throughout the 
respiratory tract than by the use of solution 
nebulized by oxygen pressure. The patient is 


not required to manipulate an e.\haling valve 
during the expiratory phase, the cumbersome 
equipment of oxygen tank and gauge is not 
necessary and the preparation of solutions is 
obviated. The inhalation of the dust par- 
ticles yields a greater effect than the vapor be- 
cause of the increased concentration of peni- 
cillm per unit area and because of the localized 
absorption of the penicillin where it comes in 
contact with the mucous membranes. The 
authors used crystalline sodium penicillin proc- 
essed to ^ 50-100 mesh particles and present 
details of an oronasal mask similar to the 
simple respirator used by spray painters. All 
patients received 100,000 units of penicillin 
dust by inlialation for twenty minutes three 
times a day. No sensitivity reactions were 
noted in 68 patients whose diagnoses varied 
from common colds to bronchiectasis. Blood 
level curves indicated a slow absorption, the 
maximum level being obtained about three 
hours after inhalation. Clinical improvement 
was noted much more quickly than had been 
observed previously in a similar group of pa- 
tients with penicillin aerosol, and fewer treat- 
ments were necessary for maximum benefit. — 
Inhalation of Penicillin Dust, L. Krasno, M. 
Karp & P. S. Rhodes, Science, September 12, 
1947, 106: 249.— (E. A. Rouff) 

Intrabronchial Penicillin in Suppurative 
Disease. — ^The authors decided to treat cases 
of bronchopulmonaiy suppuration by direct 
instillation of penicillin. They used the same 
catheters as for bronchography. A total of 
63 patients were treated. Accurate localiza- 
tion of the lesions is necessary. Following 
local anesthesia, the catheter was directed 
toward the bronehus of the diseased segment. 
The patient was then placed in such a position 
that the end of the catheter was vertically 
above the affected segment. A solution of 
100,000 units of penicillin in 5 to 10 cc. of saline 
was injected slowly. The patient remained 
in position for thirty minutes. The treatment 
was repeated every two days. The average 
number of treatments was 8. There was no 
selection of cases. In those with underlying 
disease such as bronchiectasis or neoplasm, 
there was no definitive cure but considerable 
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relief of symptoms was obtained. In cases of 
lung abscess, there was complete recovery in 
17, good clinical results without cure in 6 and 
failures in 5 cases. Four patients with sup- 
purative bronchitis were improved. The 
amount of sputum decreases after the first in- 
stallation and almost disappears after the 
second. Simultaneously, there is a drop in 
fever and the patient begins to gain weight. — 
Treatment of Broncho-Pulmonary Suppuration 
by Local Injection of Penicillin, H. Metros & 
J. Lieutier, Thorax, December, 1947, 2: 196 . — 
{A. G. Cohen) 

Aerosol Penicillin in Respiratory Disease. — 
A nebulizer must deliver particles of 5 microns 
in diameter or less in order to be of value in 
respiratory disease. A test of suitability can 
be made with 5 per cent glycerine which should 
give a fine smoke which floats in the air. In 
this study, 34 subjects were treated vnth aero- 
sols of Zephiran (alkyl dimethyl benzyl am- 
monium chloride) in aqueous solution; this is 
a detergent. Use of detergents is advan- 
tageous in the treatment of sheltered foci since 
the activity of both penicillin and streptomy- 
cin is enhanced by their use. Originally an 
initial dose of 50,000 imits of penicillin was in- 
jected intramuscularly followed by 10,000 
units every three hours for ten daj’s. Later 
daily injections of penicillin in beeswax were 
substituted. Immediately prior to treat- 
ment, 0.5 cc. of a 0.25 per cent solution of 
neosynephrine was administered through the 
nebulizer. This was followed by administra- 
tion of 100,000 units of penicillin in 3 cc. of 
Zephiran in a 1:1000 aqueous solution. This 
was repeated every eight hours for ten days, 
during which time the patient remained in the 
hospital. Of 21 patients with bronchiectasis, 
10 were improved, G were improved tempor- 
arily but relapsed and 5 were not helped. Of 
12 patients with chronic bronchitis, S were 
improved, 1 relapsed after temporary improve- 
ment and 1 was not relieved. In 2 patients 
with pneumonoconiosis, there was definite 
benefit in that respiratory deficiency was re- 
lieved. Good results were obtained in one 
case of severe asthma and in impro^'ing the 


secondary infection in 2 cases of tuberculosis. 
— Aerosol Therapy of Respiratory Disease, V, 
Bryson & E. J. Grace, New England J. Med., 
November 6, 1947, 237: eSS.--{A. G. Cohen) 

Intrabronchial Penicillin In Lung Abscess. — 
Eleven cases of lung abscess were treated by 
intrabronchial instillation of penicillin. 
Treatment was given every two to three daj-s 
for a total of three to eight days. On the 
other da3'S, nebulized penicillin was adminis- 
tered. Of the 11 cases, 10 were cured. — Intra- 
bronchial Penicillin for Lung Abscess, E. 
Rosenthal, Lancet, December 6, 1947, 2: 839 . — 
(A. G. Cohen) 

Penicillin In Chest Surgery. — A studj' has 
been made of the levels of penicillin in the 
blood serum after administration by various 
portals, and of levels in the pleural fluid after 
intramuscular injection. The intramuscular 
route is the most efficient in producing and 
maintaining blood levels, and it results in 
satisfactory levels m the pleural fluid; 40,000 
units is a better dose than 20,000. Direct in- 
tra-pleural instillation produces high and pro- 
longed local concentrations, with some ab- 
sorption; it is recommended when aspirations 
are being done, or for postoperative inclusion. 
Inhalation of an aerosol obmtes the use of 
hj^podermic injections, but requires coopera- 
tion of the patient, wastes drug in producing 
suitable blood levels, and is inferior to intra- 
tracheal instillation for the latter efi'ect. It 
should onlj' be used, with these limitations in 
mind, for the temporary reduction of the Gram 
■positii'e coccal flora. It is not a panacea, but 
does have satisfactory local cfficiencj"; direct 
nebulization was superior to the use of a BLB 
mask. — An Evaluation of Methods of Penicillin 
Therapy in Thoracic Surgery, J. H. Donnely, 
F. J. Phillips, J. T. Bartlett, & TF. E. Adams, 
Ann. Surg., October, 1947, 126: 679. — (IF. II. 
Oat way, Jr.) 

Amebic Lung Abscess. — ^Amebiasis is en- 
demic in Argentina, where 20 to 30 per cent of 
the population is infected. Amebic lung ab- 
scess is rare and very' often mistaken for tuber- 
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culosis, cancer or mycotic disease. The pur- 
pose of this paper is to facilitate the early 
diagnosis of this condition. Only occasionally 
is amebic lung abscess due to lymphatic or 
hematogenous spread. Generally, it is a 
direct extension from liver abscesses. First, 
there is hepato-pleural irritation with all the 
symptoms of a subphrenic abscess. After in- 
vasion of the lung, profuse sweating, tachy- 
cardia and cyanosis with the clinical findings of 
pneumonitis or atelectasis set in and may be 
mialalcm for a fulminating tuberculosis of the 
right lower lobe. There may be temporary 
improvement until repeated disseminations of 
amebae cause severe broncho-pleuro-pulmon- 
ary irritation with persistent asthma-like dysp- 
nea. Finally, the abscess breaks and opens 
into a bronchus, the mediastinum or pericar- 
dium, sometimes into the peritoneal cavity or 
fhr niigh the chest wall. Most common is 
the bronchial perforation which causes sudden 
vomica of great quantities of odorless choco- 
late colored matter. This is the most impor- 
tant differentiation from lung abscess. The 
sputum may be sterile or it may contain any 
one of the pyogenic bacteria. Only occasion- 
ally, amebic cysts can be found. Inoculation 
of the sputum into the rectum of young cats 
may help to establish the diagnosis. In cases 
of proved intestinal amebiasis with negative 
findings for acid-fast bacilli the possibility of 
amebic lung abscess should be considered. 
However, the coexistence of tuberculosis is 
not uncommon. Bronchoscopy and bronchog- 
raphy should be done to rule out cancer. 
Ex-ploratory thoracotomy is a potential means 
for spreading infection to the chest wall, as is 
diagnostic pneumothorax. All cases of ame- 
bic lung abscess show a partial or complete 
paralysis of the hemidiaphragm. A freely 
movable diaphragm is proof that there is no 
involvement of pleura or lungs. Lung cancer 
in its early stages is associated with severe 
pain, whereas the pain in pulmonary amebiasis 
is only slight. The differential diagnosis from 
hydatid cyst is very difficult and has some- 
times to rely upon biological tests only. 
Tuberculosis of the right lower lobe must be 
ruled out by history of contact and the tuber- 


culin reaction. In the X-ray the abscess is 
surrounded by a zone of inflammatoiy reac- 
tion. For the treatment of amebic lung 
abscess emetine is the specific drug. The his- 
tory of a significant case is given. — Ahscesco 
amibiano de pulmon, M. Schneier, Arch, argent, 
de tisiol., 1946, 22: 4^. — {W. Svnenty) 

Pulmonary Infarction in Children. — Only 
about 100 cases have been referred to in the 
literature since 1833. The condition is prob- 
ably unrecognized at times, since the present 
report from the Mayo Clinic includes 38 new 
cases. Embolism and thrombosis in the lung 
are the causes of infarction. It is difficult to 
distinguish between the two, but embolism 
probably occurs with slightly greater fre- 
quency. A local pathological change in the 
lung is usually required to produce the infarc- 
tion. The usual factors in thrombosis are en- 
dothelial injury, circulatory stasis, and 
changes in the blood; the contributing causes 
may be infection, atelectasis, allergy, and 
venoclasis. In 24 of the 75 cases previously 
described in detail, thrombi were noted -else- 
where in the body. Pulmonary and general 
symptoms occur following the occlusion of a 
puhnonaiy artey^, the intensity depending 
upon the speed of obstruction. Death may 
be due to the mechanical changes and/or re- 
flex factors. A diagnosis of infarction during 
life is rare. A sudden onset of shock with 
cardio-respiratory embarrassment is suggestive, 
but the onset may be slow, with intra-bron- 
chial symptoms similar to those of pneumonia. 
In the differential diagnosis pneumonia and 
atelectasis must be considered. X-ray signs 
become visible in twelve to twenty-four hours. 
In the current series of 38 cases, only 3 were 
diagnosed clinically. The condition followed 
surgery in 42 per cent of the cases, a lung in- 
fection was present in 34.2 per cent, and some 
sort of infection was present in the body in 
84.2 per cent. Children with a background 
similar to that which has been described should 
be observed closely for evidence of peripheral 
thrombosis; the onset of suggestive symptoms 
may then lead to the tflagnosis. — Infarclion of 
the Lung in Children, E. Zuechlag, Am. 
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J. Bis. Child., October, 1947, 74: S99. — (TF. H. 
Oatway, Jr.) 

Hemopneumothorai Jn Infarction of Pul- 
monary Lobe . — A case is reported of a 39- 
year-old colored male in*ho developed complete 
infarction of the lower lobe of the left lung sub- 
sequent to long continued passive congestion. 
Tlie infarction underwent rapid aseptic soften- 
ing with consequent rupture into the pleural 
sac, producing hemopneumothorax. A search 
of the available literature has revealed only 5 
such cases, in only 3 of which the lesion was 
proved by postmortem examination. To this 
small series the authors add a sLxth case, which 
shows several unusual features, namely; the 
large size of the pulmonary infarction, the 
aseptic character of the softening, its rupture 
into the pleural ca'S'ity with the causation of 
hemopneumothorax, jaundice and a high blood 
urea nitrogen. An anal 5 'sis of dates on re- 
ported cases is also given . — Infarction of an 
Entire Pulmonary Lobe with Subsequent Asep- 
tic Softening Causing Sterile Hemopneumo- 
thorax, A. J. Rawson & J. A. Cocke, Am. J. M. 
Sc., November, 1947, 214: 520 . — ((?. F. Mit- 
chell) 

Progressive Coccidioidomycosis . — A 24- 
year-old male developed headache, fatigue and 
fever two weeks after he liad made two trips 
to the San Joaquin valley. Chest X-rays, at 
first n^ative, later showed pulmonary and 
pleural inTOlvement on the left. Coccidioidin 
skin tests were positive at the onset; later, the}’ 
became negative. Complement fixation tests 
for coccidioides immitis remained positive at 
1:8 dilution throughout. Gastric lavage 
specimens and pleural fluid were negative for 
bacteria and fungi. Penicillin therapy was 
ineffective in doses of 00,000 units every three 
hours. Tlie course was downhill and the pa- 
tient died in coma about five months after 
onset of sjanptoms. Postmortem examina- 
tion regaled e.xtensive caseous and fibrotic 
involvement of the lungs and pleura. There 
was also a generalized peritonitis. The brain 
levealed edema, In-peremia and focal degen- 
eration. Jlicroscopic c.xamination revealed 


numerous coccidioides immitis orga nisms in 
the lungs, tracheobroncliial Ijanph nodes, liver 
and kidnei’s. Most of the organisms were in 
the spherale stage; a few were enlarged and 
showed endospore formation. This patient 
illustrated how short a contact with infected 
dust can give rise to the disseminated disease. 
Stabilization of antibody formation as man- 
ifested in the complement fixation tests in this 
case is usually regarded as an indication that 
the infection is being adequately controlled. 
In the later course of the disease in tliis pa- 
tient, the tuberculin test was positive and the 
coccidioidin test negative; this combination 
can be misinterpreted as e\ddence of active 
tuberculosis. The pathological findings indi- 
cated Ijunphatic and hematogenous dissemina- 
tion similar to that occurring in disseminated 
tuberculosis . — Progressive Coccidioidomycosis: 
Report of a Case, N. A. Harvey, Ann. Ini. 
Med., March, 194S, 28: 651. — {H. R. Nayer) 

Nocardiosis . — A routine chest film of a 
26-year-old physician revealed a minimal 
infiltration in the right apex. On one oc- 
casion a questionable positive sputum was 
reported. The lesion increased in size and 
pneumothorax was instituted. A transient 
pulmonary infiltration was treated with 
penicillin. The patient developed a right 
pleural effusion; the fluid was clear and nega- 
tive for tubercle bacilli on culture and guinea 
pig inoculation. After several weeks purulent 
material was aspirated; tins re\’Ealed nu- 
merous colonies of Nocardia asteroidcs in pure 
culture. In spite of treatment with strepto- 
mycin and penicillin the pleural fluid con- 
tinued to show N. asteroidcs. Marked 
senritivity of the organism to sulfadiazine 
could be demonstrated. The patient re- 
ceived 75 g. of sulfadiazine intraplcurally and 
1,268 g. orally. The pleural effusion b^nie 
sterile and was gradually absorbed. Tlic 
patient recovered completely and levs re- 
mained well during a period of obscn’ation 
of fourteen months. — Nocardiosis, Nocardia 
Asteroidcs Infection Simulating Pulmonary 
Tuberetdosis, R. P. Glover, TF. E. Ilcrrrll, 
F. R. Heilman & K. 11. Pfuctcc, J. A. M. A., 
January 17, 1D4S, 136: 172.— {H. Aides) 
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Pulmonary Aspergillosis. — ^The histories of 
2 patients are reported. The first patient had 
been treated for tuberculosis on the basis of 
numerous hemoptyses and pulmonary in- 
filtrates below the left clavicle; tubercle 
bacilli were never demonstrated. Left upper 
lobectomy was carried out. The lesion was 
found to be a bronchiectatic cyst filled with 
material in which was demonstrated mycelia 
and spores of a fmigus resembling aspergillus. 
Presenting symptoms of the second patient 
were hemoptyses and generalized macular 
rash. Roentgenograms revealed infiltrations 
in both hilar areas extending paravertebrally 
to both apices; later, an effusion appeared at 
the right base. Penicillin therapy was in- 
effective and this patient died one month 
after admission. Postmortem examination 
revealed considerable intei-stitial and paren- 
chjanatous involvement of the lung with oc- 
culsion of many pulmonary vessels and re- 
sultmg tissue necrosis. Numerous fungi, 
identified by culture as Aspergillus fumigatus 
Fresenius, were found in the lungs and skin 
lesions. Numerous granulomatous lesions 
were seen in the liver and spleen. Sections of 
the sternum revealed almost complete aplasia 
of the marrow; this finding has not been 
previously reported as a complication of 
aspergillosis. The unrestricted spread of 
the disease in the second case contrasts with 
the localized process in the first patient. — 
Pulmonary Aspergillosis: Report of Two 
Cases, B. Gerstl, TT''. H. Weidnian & A. F. 
Ncwmann, Ann. Int. Med., March, 194S, 28: 
662. — (/f. R. Nayer) 

Aspergillosis. — Puhnonaiy aspergillosis oc- 
curs in farmers, feed mill workers, fur cleaners 
utilizing lye flour for removal of grease, 
threshers and others who have contact with 
birds or grains. Tlie present case history- 
deals witli a cliild in whom, at the age of two 
j'eare, a chest roentgenogram showed bron- 
chopneumonia. At the age of 2.5 years and 
again at 4 j-cars an inflammatory consolidation 
of the right lower lobe was found. A fluctuant 
mass dcvclojicd at the lower costal marghi 
in the left anterior axillary" line. Culture 
of pus aspirated from that lesion revealed A. 


fumigatus. When the child was 5 years old 
pneumonia of the left lower lobe was found. 
Laboratory studies were noncontributory. 
At the age of 7.5 years the child developed 
pneumonia in both lower lobes and a cere- 
bellar abscess from which A. fumigatus was 
cultured. The child died at the age of 8. 
Abscesses were found in the brain, dura, 
heart, lungs, mediastinum, lymph nodes, 
spleen, liver, right kidney and right ankle. 
Cultures from various sites revealed A. 
fumigatus. A hematogenous dissemination 
of the organism is likely . — Aspergillosis and 
the Aspergilli: Report of a Unique Case of the 
Disease, E. P. Cawley, Arch. Int. Med., 
October, 1941, 80: JfiS . — ((?. C. Leiner) 

Bronchiectasis. — Of 400 cases of bron- 
chiectasis, 59 per cent were found imsuited 
for surgery because of too much or too little 
disease, lack of symptoms, limited cardio- 
vascular reserve, advanced emphysema, con- 
current disease or refusal by the patient. 
Much can be done for these patients with 
medical care. This is considered rmder the 
following headings: mechanical drainage, con- 
trol of infection, improvement of general 
health and prevention. Mechanical drainage 
requires a suitable position. The head and 
thorax must nxtend vertically downwaiti 
from a high bed or table. Secretions should 
be thinned out by use of steam, ammonium 
chloride and creosote. Depressants should 
be avoided. Bronchodilators should be in- 
haled through nebulizers. Deep e-xpiratoiy 
and inspiratory breathing should be practiced 
before and during postural drainage. Drain- 
age should be performed often enough to 
keep the passages empty. Bronchoscopic 
drainage is not indicated as a routine measure. 
For control of infection, aerosol and intra- 
muscular penicillin are recommended. These 
arc of value particularly at the begmning of 
an upper respiratorj’- infection. Treatment 
of sinusitis also is important. Improvement 
of general health consists of protection against 
upper respiratorj" infections, treatment of 
anemia, avoidance of cold and wetness, 
elimination of smoking and change of climate. 
Prevention consists of early diagnosns and 
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treatment of bacterial pneumonias and re- 
expansion of resultant atelectatic lung tissue, 
especial!}'’ in children; this is accomplished 
by deep breathing exercises. — Bronchiectasis: 
Treatment and Prevention, T. L. Badger, 
New England J. Med., December 18, 1947, 
237: 9S7.—iA. G. Cohen) 

Pathogenesis of Bronchiectasis. — Any 
theory of the pathogenesis of bronchiectasis 
must explain four features: (1) The disease 
is rarely diffuse. (S) It is usually not progres- 
sive and rarely spreads. (S) It is rarely an 
isolated finding in an otherwise normal lung; 
the surrounding pulmonary parench 5 Tna is 
abnormal. (4) It is characteristically a 
disease of youth. The incidence of the fol- 
lowing features in the specimen of a series 
of 50 lobectomies for bronchiectasis was 
tabulated; chronic bronchial inflammation, 
congenital abnormalities, bronchostenosis, 
atelectasis and pneumonia or pneumonitis. 
Bronchostenosis and congenital abnormalities 
were found to be unimportant except in a 
few cases. The other three factors were 
each present in more than 80 per cent of 
cases, but no factor was constant and none 
was ever a solitary finding unassociated with 
at least one other factor. The author con- 
cludes that bronchiectasis is an acquired 
disease of the pulmonary parench}TOa and 
the bronchial tree. Parenchymal involve- 
ment varies in detail but one feature is com- 
mon to all cases, namely, reduction in the 
number of areated alveoli, a condition which 
mfiy or may not be reversible. This results 
in a low intrathoracic pressure which is a 
very effective bronchodilating force. The 
assumption of a primarj' bronchial infection 
with seconder}' atelectasis or pneumonitis 
fulfills the four criteria. In actu.al experience, 
bronchial obstruction causes atelectasis by 
obstructive secretion. Tiiis is especially true 
in infants and children . — The Pathogenesis of 
Bronchiectasis, T. B. Mallory, New England 
J. Med., November S2, 1947, 237: 793.— (A. 
G. Cohen) 

Hemangioma of the Lung.— Visceral heman- 
giomata are uncommon, .and their occurrence 


in the lung is very rare. Less than 20 pul- 
monar}' cases have been reported, half of 
these since the definitive description in 1938 
by Eodes of cavernous hemangioma of the 
lung as a clinical entity. A year later the 
first antemortem diagnosis was made. Prob- 
ably all cases are congenital, several have been 
multiple, and physiologically they are arterio- 
venous fistulas. Perhaps in some cases the 
shunt enlarges ■with age, with a resultant late 
development of c}Tinosis, though some cases 
are cyanotic from birth. Typical symptoms, 
signs, and blood changes are described. A 
late inspirator}’’, continuous murmur may be 
heard over the lesion; clubbing of the digits 
is a common sign . The X-ray films show non- 
progressive, cylindrical masses, brohehograms 
are negathre, and pulsations are seen fluoros- 
copicaUy. In six previous cases which Lave 
been operated on e.xcision of a part or all of 
the lung has been curative. The case of a 
29 year old male is reported. S}mptoms had 
been present for eight years, following a 
pneumonia, c}’anosis had been noted for six 
years, and the condition gradually became 
debilitating. X-ray and laboratory findings 
were t}'pical. A successful lobectomy was 
done, the lesion was demonstrated in an 
angiogram of the specimen, and the patient 
is well several months after surgery. — Ftd- 
monary Cavernous Hemangioma with Arterio- 
venous Fishda, Surgical Management, J. D. 
Bisgard, Ann. Surg., December, 1947, 126: 
965. — (TT. H. Oatway, Jr.) 

Bronchotomy for Bronchial Tumors. — In 
oi’der to avoid resection of healthy lung tissue, 
bronchotomy is recommended for the rcmoTOl 
of benign bronchial tumors in selected cases. 
These are cases in which there has been a 
relatively rapid development of obstructive 
symptoms, and in which there appears to be 
relatively little pulmonary infection. The 
surgical Lizards are ren'ewed and the tech- 
nique is discussed. The procedure was 
carried out in one case, with an excellent 
result . — The Indication for Posterior Trans- 
pleural Bronchotomy in the Management of 
Intrabronchial Tumors, H. T. Langston & 
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22. T. Fox, Smg., Gyncc. & Obst., February, 
194 s, 86: 192.— {A. G. Cohen) 

Pulmonary Disease In Beryllium Workers. 
— ^Tbe late Dr. Leroy Gardner was intensely 
interested in the problem of detecting the 
agent responsible for the lung lesions in pa- 
tients who had been exposed to berjdlium com- 
poimds in the form of dust. "While ho was not 
prepared actually to condemn beryllium, ho 
definitely felt that it was involved in some as 
yet unrecognized way. It was at his sug- 
gestion that the roentgen study of the chest 
films of 32 patients, exiwsed to beryllium dust 
and in whom delayed pulmonary changes oc- 
ciured, is presented. The majority of the 
patients were females haxdng an average ex- 
posure of oxteen months. An average of 
twenty-months transpired after the period of 
exposure before symptoms of the first X-ray 
evidence were discovered. The ph3'sical find- 
ings were limited to impaired resonance and 
fine lAles throughout the lungs. Cyanos'iswas 
present in several cases. The laboratory find- 
ings were meagre, polycythemia being the 
only constant factor. "Ventilation function 
tests revealed respiratory disability. The 
clinical course was variable. Some patients 
died after an illness of two years; many im- 
proved and were able to work though they 
were not symptom-free. Pathological study 
showed a granulomatous reaction infiltrating 
or completely obliterating the interstitial tis- 
sue as the predominant lesion. The media- 
stinal nodes were smilarly involved. Four 
patients were thoroughly investigated and 
their histories are presented. The roentgen 
findings are limited to the lungs and are char- 
acterized by a bilateral uniformly widespread 
diffusely granular or “sandpaper” appearance 
and/or nodular infiltration. No detoite dis- 
ease entity is kno^vn which can produce the 
fine disseminated granular type of infiltration 
observed in these cases. In both types, but 
more so in the granular, coalescent or confluent 
shadows may develop which are more notice- 
able in the middle third of the lung fields. A 
reticular pattern may also be seen on stereo- 
scopic examination in the granular type. The 


apices and costophrcnic sulci were generally 
free. Vascular markings are obscured except 
at the base and in advanced cases may be ob- 
literated. No valid correlation between the 
clinical course of the disease and the mag- 
nitude of the pulmonary changes could be 
made. Tlie final result also is not loio^vn in 
those patients with clinical remission but per- 
sistent lung lesions. The prognosis should be 
guarded in patients with the granular type of 
nodulation, especially when confluent shadows 
are superimposed. It is also emphasized that 
roentgen changes may c.xist with insignificant 
or no symptomatology. Iloentgen differen- 
tial diagnosis may be difficult. Many of the 
patients were at first suspected of having 
Boeck’s sarcoid, while a diagnosis of silicosis 
was almost as frequently entertained. Other 
pulmonaiy diseases that enter into considera- 
tion are chemical pneumonitis, tuberculosis, 
bronchomycoses, cardio-vascular disease, mili- 
ary carcinosis and erythema nodosum. It is 
possible that a serious type of pneumonoconio- 
sis not heretofore described is being dealt 
with . — Pulmonary Disease in Workers Exposed 
to Beryllium Compounds: Us Roentgen Char- 
aclerislies, L. M. Pascueci, Radiology, Jan- 
uary, 1948 , SO: 2S. — (ff. F. Mitchell) 

Bagassosis. — ^Bagasse disease of the lungs, 
or bagassosis, is a pulmonary disorder brought 
about by the inhalation of dried bagasse dust. 
Only 30 or 40 cases have been reported. Most 
cases reported are from localized communities 
where the fibers of bagasse are processed into 
the manufacture of acoustical and thermal 
insulating building materials and refractory 
brick, or where the sugar cane is grown. The 
same characteristics for the disease are re- 
ported in all places. About two months’ ex- 
posure to the dust are required before symp- 
toms appear, although the time has varied 
from three weeks to two years. The disease 
manifests itself as an acute febrile illness with 
extreme shortness of breath, a persistent cough 
with scanty mucoid sputmn and a profound 
weakness . The onset is insidious and gradual , 
the patients usually not realizing that they 
are ill until they are seized by a sudden cough- 
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ing spell nnd Iwcomc so dj'spnclc .ns to be 
forced fo rest. Patient.s with .n long c.xposure 
to benny concentrations of the dust become 
critic.nlly ill and appear to have n severe bron- 
chiolitis and pneumonia. A mortality rate 
of S.3 per cent was reported in 24 cases col- 
lected, which indicates that this i.s an indus- 
trial diseise of a serious nature. In ca<=cs 
han-ing a short c.\TX)sure, the disease usually 
clears up in two to Ei.n months. In m*ew of the 
obscurity of the c-wict ctiologj' of bag.^ssosLs, 
there is no specific treatment. Most of the pa- 
tients have been tre.nled sjTnptomnticall}'. 
Tliere Is no notable response among those in 
whom the sulfonamides were tried, or in the 
one case treated by jienicillin. O.va^en h.ns 
.afforded some relief of tiie dj'spnca in the more 
serious cases. Tlie pulmonara' changes incited 
by inhalation of bagas.se dust consist of diffuse 
infiltration and consolidation and an acute 
bronchiolitis or pneumonia similar to that seen 
in pnoumoconio.sis. nowe\'er, in one respect 
it differs markedly; this is a reversible re;iction 
with resolution and the lung regains its normal 
appearance on the roentgenogram. Three 
cases of bagassosis arc reported, including a 
discussion of the sj-mptoms, the phj-sical and 
laboratorj" findings, and the clinical course. — 
Bagasse Disease of the Lungs, D. F. LeUhnc, 
TT. G. Scott, S. ^foore & A. L. Koiva, Radiol- 
ogy, Noi'cmber, 1947, 49: 536. — (ff. F. Mit- 
chell) 

Pulmonary Hemosiderosis. — ^The literature 
contains reports of 17 cases, all but one of 
wluch terminated fatally. All but one were 
cliildren who ranged in age from a few montlis 
to 16 years. The condition is characterized 
by recurrent attacks, often sudden in onset, of 
fatigue, cyanosis, pallor, increasing djapnea 
and acceleration of pulse rate. There is a 
troublesome cough often followed br* vomiting. 
At times there is blood in the sputum or vorai- 
tus. Hiere may be abdominal pain. The 
temperature at the height of an attack may 
reach 103® F. Severe attacks can be very 
alarming. The patient is restless and often 
apprehensive. Each attack lasts two to three 
daj's. Toward the termination, the patient 
shows pallor and often jaundice. There is in- 


creased liver dulness and the spleen is 
p.aIp.ibJe; there is often clubbing of the fingers. 
Tlie attack begins with tachycardia, followed 
in twelve fo twen( 5 '-four hours by d.vspnc.a, 
pallor and fever, with or wdthout jaundice. 
Tlie clinical picture Is one of congestive aardiac 
failure, cspoclallj' of the lesser circulation. 
Ilccowr^' often is rapid bat during interaiils 
there is debility, undernutrition and d\‘3pnea 
upon e.ccrtion. Tire diagnosis of hemol.vtic 
jaundice often Is made. The true nature of 
the condition is unnoticed unless the chest Is 
X-mj'cd. Between attacks, tlie pulmomara* 
phj'sical signs are insignificant ; there maj' be a 
few scattered rhonchi. X-rays show mottled 
sljndow.s which arc most noticeable in the hilar 
areas. There is diffuse speckling throughout 
the lung fields. Tlie .abnormal shadows are 
accentuated during the attacks. There is 
often e\*idcnce of a partial lobar colbpse. Tire 
sliadows resemble those of railiarj’ tuberculo- 
sis, accept tliaf, instead of dots, there are 
small, claar circular spaces surrounded by 
thickened opaque walls, giving a pumice-stone 
appearance. Tlierc is a good deal of simiLarity 
to the picture of .sarcoidosis or Gaucher’s dis- 
aasc. The carduc sluadow is enlarged to the 
right and the pulmonara’ conus is prominent. 
E.\nnunation of the blood shows a seacre F'pe 
of seconday Inixichromic anemia with lu’gh 
reticulocytosis. Of the 17 prcadously reported 
cases, 0 were male and 10 female. Tlie onset 
occurred in infancy or ea rly childhood . Tiiere 
w.as no familial relationsliip among patients. 
All but one p.atient died with signs of left heart 
failure after sevenil yaars of ill health. At 
autopsy, the main lesions are found in the 
lungs. Macroscopically, these are full and 
firm, of a dark reddish-broivn color, iritli fine 
hemorrhages a-isablo on the pleural surfaces. 
On section, there is pneumonic hepafiz,ation 
with a dark red-brovra color of the cut sur- 
faces. Enlargement of the trachoobrouchi.al 
lymph nodes is conspicuous. The heart is en- 
larged, especially on the right side. IMicra- 
scopically the alveoli in large areas are crowded 
with hemosiderin-laden pLogocytes. The epi- 
thelial cells of the ahcolar walk also contain 
hemoaderin; man}* are desquamated within 
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the alveoli, which also contain red cells and 
hemoaderin granules lying free. There is con- 
siderable thickening of the alveolar walls and 
interlobular and peribronchial tissues. 
Hemosiderin granules are contained within the 
interstitial tissues and also the nodes. The 
present series consists of 7 cases, 2 male and 5 
female. The oldest was 13 years of age. No 
consanguinity was evident. Two patients 
have died. Of the 5 who are Uving, 3 are still 
subject to attacks. Tabulation of the clinical 
features shows hemoptj^is or hematemesis in 
6, positive chest X-ray findings in 7, palpable 
spleen in 3 and cardiac enlargement in 4 cases. 
Blood studies show hypochromia and increased 
reticulocytes; white blood and differential 
coimts, platelets, clotting and bleeding times 
and red cell fragility all are normal. The ane- 
mia tends to subside in remissions, especially 
if the patient is given iron. Certain features 
such as reticulocytosis, nucleated red cells, 
sUght jaundice, indirect van den Bergh reaction 
and slight increase in urinary urobilinogen sug- 
gest hemolytic anemia. But all these findings 
can be explained by the recurrent pulmonary 
hemorrhages vith subsequent hemolysis. 
Histologically, even the youngest cases show 
evidence of capillary stasis and aggregation of 
heart failure cells and fresh red cells in the 
alveolar spacra. There is progresave thicken- 
ing of the fibromuscular elements in the al- 
veolar septa. Giant cells appear, which en- 
gulf the elastic fragments, and travel to the 
lymph nodes. The interalveolar capillaries 
become dilated and tortuous. Changes also 
appear in the small and medium-sized vessels. 
The bronchi are normal. The increase of 
reticulin, collagen and muscle and the decrease 
of elastic fibers results in a lack of distensi- 
bility of lungs, with consequent peripheral sta- 
sis in the capillary bed. This is followed by 
diapedesis and deposition of hemosiderin. 
Changes are slight at first. Gradually, larger 
portions of the lungs become involved. This 
explains the periodic course and increasing 
severity with eventual anoxemia. The hemo- 
siderin deposits, fibrosis and collapse form the 
pathological basis for the radiological appear- 
ance. Pulmonary hemosiderosis had no rela- 


tionship to generalized hemosiderosis and 
hemochromatosis. There is no disturbance in 
iron metabolism. — Idiopathic Pulmonary 
Hemosiderosis, W. G. Wyllie, W. Sheldon, M. 
Bodian & A. Barlow, Quart. J. Med., Jan- 
uary, 19^8, 17: 25. — {A. G. Cohen) 

Mediastinal Emphysema. — From March 15, 
1943 to March 15, 1947, at the University of 
Wisconsin, the author observed 6 students 
with spontaneous pneumothorax without 
recognized mediastinal emphysema, 7 with 
pneumomediastinum without recognized 
pneumothorax and 7 w’ith both conditions. 
Spontaneous mediastinal emphysema occurs 
when air from a ruptured alveolus dissects 
along the perivascular sheaths to the medias- 
tinum. Associated pneumothorax may be 
caused by rupture of the mediastinal air 
through the mediastinal pleura. It is 
probable that this mechanism operates in the 
majority of cases of spontaneous pneumo- 
thorax in otherwise healthy individuals; the 
initial pneumomediastinum may be transient 
or unrecognized. In mediastinal emphysema 
there is a characteristic sudden onset of pain, 
usually substemal and associated with change 
in position. The case histories of 14 cases of 
mediastinal emphysema are summarized. SLx 
were aware of peculiar sounds over the pre- 
cordium. A crunching sound synchronous 
with the heart beat is pathognomonic. Hy- 
perresonance over the precordium was a con- 
stant finding in the author’s series. In 3 pa- 
tients, mediastinal air was demonstrated either 
by X-ray or fluoroscope. Electrocardiograms 
revealed no characteristic pattern. There was 
no significant change in leucocyte count or 
sedimentation rate. The occurrence of pneu- 
mothorax does not alter the course of medias- 
tinal emphysema. Pour of the 20 patients 
were tuberculin-positive. No student showed 
any lesions regarded as tuberculous in nature. 
Hospitalization of patients with spontaneous 
pneumothorax was advised only ■when seen 
early or -w’hen definite symptoms were present. 
Aspiration of air was carried out only for dysp- 
nea or, in large collections, to hasten expansion 
of the collapsed lung. Prophylactic use of 
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sulfonamides or antibiotics is not recom- 
mended. — SponiancoMs Mcdiaslinal Emphy- 
sma and Spontaneous Pntntmothorax — A Re- 
port of SO Cases, Helen A. Dickie, vlriri. Int. 
M ed., March, 19/, 8, 28: GI8 . — ( //. R. Naijer) 

Bronchial Asthma. — In %'icw of the conflict- 
ing and incomplete statements in the litera- 
ture concerning pulmonarj' ventilation, oxy- 
gen consumption and blood pressure values in 
broncliial asthma, this studj' was made to find 
out whether the results previously obtained 
by the author in e.x'pcrimcntally induced 
asthma in guinea pigs could be verified in tests 
on asthmatic patients during and after the 
attack. The effect of the antiasthmatic drugs 
used in this investigation were studied on 
healthy persons, as well ns on asthmatics dur- 
ing asthma-free periods and taken into 
account. It was found that, in accordance 
with the animal experiments, the pulmonary 
ventilation and ox>'gcn consumption during 
severe attacks arc lower than under normal 
conditions. Tims, an oxygen deficit occurs 
and this is made up by a considerable increase 
in the oxj'gen intake after the attack. In mild 
attacks, ventilation and oxygen intake arc con- 
siderably greater than normal, the increment 
in the latter being as great as 100 per cent. 
In severe attaclrs, the sj'stolic and diastolic 
blood pressures arc considerabl}’^ increased (the 
latter not constantly); in mild attaclcs, there 
is either insignificant or no increase. Tlie al- 
tered gaseous tension seems to bring about 
changes in the intermediate metabolism prob- 
ably affecting the condition of the patient. 
The author has preriouslj’’ demonstrated in 
guinea pigs that such insufficient metabolism 
causes a decrease in tissue reparation; this re- 
sults from the break-down of co-zjanase and 
co-phosphorylase. — H. CoUdahl, On the Patho- 
physiological and Clinical Aspects of the Crises 
of Asthma Bronchiole,!., The Pulmonary Ven- 
tilalion. Oxygen Uptake and Blood Pressure, 
Act. Med. Scand., Sept., 19/, 7, 128: 551.— {0. 
Pinner) 

Bronchial Asthma.— Temperature studies 
show that in severe attacks of broncliial 


asthma the temperature of the body falls, 
while in mild attacks a rise occurs. Tlicse 
changes arc the same ns prcriously found by 
the author in e.\ 7 )crimontallj’ induced asthma 
in guinea pigs. However, in asthmatic pa- 
tients it Ls difficult to decide wliat the influence 
of the concurrent bronchitis may bo. Es- 
pecially, retention of broncliial secretion m.ay 
bring about temperature elevation. But the 
decline of the temperature during severe at- 
tacks c.annot be due to infection, and the as- 
sumption that elevation in mild attacks is 
alwa 3 -s a toxic manifestation of bronchitis is 
contradicted b\' the fact tliat in certain cases 
the tempemture rises simultaneouslj’ irith the 
transition of severe to mild asthmatic sjonp- 
toms. The toxic influence of a bronchitis on 
the heat-regulating centers should be strongest 
at a time when the asthma attack is most se- 
vere and the sputum is tenacious and small in 
amount, but not when the attack and sputum 
retention are subsiding. Finally, the similar- 
ity of the temperature curves in c.xperimental 
and in bronchial asthma argues against the 
theorj’ of an infectious cause of the tempera- 
ture rise. jHI this indicates rather that the 
asthmatic breathing as such has a decisiii; in- 
fluence on the temperature. The mechanism 
invoked, arismg from the peculiarities of ven- 
tilation and oxj'gen consumption in mild and 
severe asthma, respectively, is analjeed in 
this paper. Asthma with an irregular course 
and mth alternating mUd and severe attacks 
shows an irregular temperature cune. A 
moderate rise in temperature of an asthmatic 
patient must, therefore, not be interpreted in 
all cases ns due to infection. — On the Patho- 
logical and Clinical Aspects of the Crises of 
Asthma Bronchialc, II, Effects of the Crises on 
the Body Temperature, Helge CoUdahl, Act. 
Med. Scand., Oct., 1947, 129: 19. — (0. Pinner) 

Tuberculin Sensitivity. — Tire object of this 
study was to determine the relationship, if 
anj', between the size of the tuberculin reac- 
tion and the presence and degree of tubercu- 
lous infection. Old Tuberculin in doses of 
0.05 mg. and (if negative) 1.0 mg. were in- 
jected intracutaneouslj'; the reactions were 
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interpreted in 4S to 72 hours. A totol of GIO 
Iversons o^xr the ngc of 15 were tested; this 
number included both healthy persons (con- 
tacts, etc.) and clinical eases. Tlic size of the' 
reaction was graded. Among nontubcrculous 
individuals, the most intense reactions were 
noted in persons who were contacts with open 
eases. Milder reactions were found in both 
noncontacts or contacts with negative eases. 
The least intense reactions were seen in non- 
contacts. As the eases were followed, the 
strong reactions tended to grow milder. In- 
creased sensith-ity was foimd in cases with 
erjihema nodosum and in primary' tuber- 
culosis, especially during the early phases. In 
clinical pulmonary tuberculosis, the reaction 
was greater in the c.vudativc than in the pro- 
ductive type. It gradually decreased to a 
constant point. In healed cases, a new 
exposure often resulted in an increased re- 
action without the appearance of new lesions. 
In eaxitary tuberculosis, the scnsithdty was 
was lovr.— Significance of Tuberculin Scnsiiiv- 
iiy, I. Bluhm, Tubercle, April, 1948, 29: 78 . — 
(A. G. Cohen) 

Chemotherapy of Tuberculosis. — L-rho- 
dinic acid and d-citronellic acid and the hj'dro- 
genated product of 1-rhodinic acid, i.e., 1- 
dihydro-rhodinic acid, were applied by mouth 
to 68 patients suffering from advanced pul- 
monary' tuberculosis. Their course before and 
after the application was observed, as well as 
the fluctuation of tubercle bacilli in sputum. 
Data on 28 cases among the 68 patients are 
shown. The chief clinical phenomena which 
appeared on applying these fatty acids were: 
diminution or even disappearance of tubercle 
bacilli in sputum, regression of exudative 
lesions as shovm by X-ray films, and sometimes 
disappearance of cavities, and decrease in 
sedimentation rate. — Ueber die chemoUiera- 
peulische Anwendung von 1-Rhodinsaure, einem 
Bestandkil des Oels des Taiwanhinoki- 
Baume, und von einigen nalieverwandlen 
Feitsauren bei iuberkulosen Patienten, S. 
Katsura, T. Nozoe cfc co-workers, J. Med. A. 
Formosa, 1941, 40: 1567. — {E. R. Long) 


Chemotherapy of Tuberculosis. — ^Invc.stiga- 
tions on the treatment of pulmonary tuber- 
culosis with certam fatty acids were extended. 
Longer follow-up studies were carried out and, 
in addition to 1-rhodinic and d-citroncllic 
acid, geranic acid and its hydrogenated prod- 
ucts, flihydro-gcranic acid (dl-dihydro-geranic 
acid) and tctrahydro-gcranic acid, were tested. 
Tlic rc.sults were qualitatively similar to those 
of the former report. Tubercle bacilli dis- 
appeared in 40 of 193 (20.7 per cent) eases. 
Tliey' disappeared more frequently in cases 
with comparatively small changes than in 
those with large changes, c.g. they disappeared 
in 21 out of 45 (46.7 per cent) eases without 
cavity' images, in 29 out of 70 (41.4 per cent) 
cases with changes in localized fields, and in 
15 out of 46 (32.6 per cent) eases wth unilateral 
changes; while they disappeared in 19 out of 
148 (12.8 per cent) cases with cavity images, 
in 11 out of 123 (8.9 per cent) cases with 
changes in total fields, and in 25 out of 147 
(17.0 per cent) cases with bilateral changes. 
Although no parallel relation was recognized 
between the number of tubercle bacilli before 
treatment and their disappearance, yet their 
disappearance in 18 out of 112 (16.1 per cent) 
cases, which had corresponded to Gaffky' 
VII- X, was notable. Cavity images dis- 
appeared in 18 out of 148 (12.2 per cent) cases, 
and infiltration shadows without cavity 
images were remarkably absorbed or disap- 
peared in 27 out of 45 (60.0 per cent) cases. 
It is suggested that the side chains of the fatty 
acids might play an important r61e in the 
diminution of tubercle bacilli. — Vber die 
chcmolherapeutische Anwendung von l-Rhodin- 
saure, cinem Besandleil des Oels vom Taiwan- 
hinoki-Baum, und von einigen anderen Fett- 
sduren naheverwandler abnormer Struktur bei 
Iuberkulosen Patienten. {Zweite Mitteilung), 
S. Katsura, T. Nozoe & co-workers, Sludia 
Medicinae Tropicalis, Supplementum I, 1944, 
1: S52.~{E. R. Long) 

Streptomycin and Promizole in Tuberculous 
Meningitis. — Seven children with tuberculous 
meningitis were treated with streptomycin 
and promizole. Promizole was administered 
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orally at six or twelve hour intervals. The 
total daily dosage was 0.5 to 1 .0 g. Tiie daily 
dose was gradually increased until a blood level 
of 2 to 3 mg. per hundred cubic centimeters was 
obtained. The do.sagc of streptomycin was 
0.5 to 1.0 g. in infants and small children, and 
2 g. in older children. It was administered in 
divided doses at six hour inten'als. In most 
cases 0.1 g. of streptomycin intrathecally on 
alternate dal's was well tolerated for about 
six weeks. Intrathecal therapy was then 
given only every tliird or fourth day amount- 
ing to a total of twenty-five to forty injec- 
tions. No serious toxic effects of promizole 
were noted. One patient died while 6 are 
li\'ing three to eight months after treatment 
was instituted. The only neurologic sequelae 
are strabismus in one case and transient coarse 
tremors in another. The sugar content of the 
spinal fluid returned to normal in three to 
twelve weeks . — Tubcrculmis Meningitis in 
Children, A Preliminary Report of its Treat- 
ment with Streptomycin nnd ‘Promizole', Edith 
M. Lincon, T. IF. Krimsc & Estelle De Vito, 
J. A. M. A., Fehruary SS, 194S, 136: o9S . — 
(H. Ahelcs) 

Streptomycin In Tuberculous Meningitis. — 
This article deals with the use of streptomycin 
in tuberculous meningitis as seen in children. 
Symptoms which should immediately nmke 
one suspect meningitis in tuberculin-positive 
children are headache, vomiting, sudden anor- 
exia, fever (wliich is always present), and 
emaciation. Symptoms of longer standing, 
in addition to the above, will include per- 
sonality changes and insonmia. Lumbar punc- 
ture should be a routine procedure which 
may have to be repeated. Choroidal tuber- 
cles and changes in the optic disk are fre- 
quently discovered. Forty-one of 90 cases 
acid-fast bacilli were found in the spinal fluid, 
and in 4 of 90 cases the Pirquet te.st was 
negative but the intradermal reaction was 
positive. Therefore, it is concluded that 
streptomycin should not be withheld if acid- 
fast bacilU are not recovered. Under strepto- 
mycin treatment, cases may terminate as 
follows; (I) deterioration whatever action is 


taken; (2) encouraging improvement but 
ultimate chronicity; (S) favorable progre.ss 
nnd return to excellent health. In the last 
instance it cannot be known whether rehpscs 
will occur. At the beginning of this seric-s, 
large doses of 100,000 to 200,000 units jwr 
kilogmm per day were administered, along 
with intraspinal injections. With such large 
doses it becomes impossible to distinguish 
between sjTnptoms and signs caused by the 
drug or by the disease. Large doses injected 
intraspinally alwaj's produce violent liisto- 
logical reactions, with hmiphocyte counts 
ranging from 50 to 800 cells per cm. Tlic dose 
of streptomycin in the latter lialf of the scries 
was reduced to 100,000 units per kilogram per 
day parenterally nnd 50,000 to 100,000 units 
per day intraspinally during the first several 
days or week. This was again reduced to 
50,000 units per kilo i)er day parenterally with 
no spinal injections. Under treatment, cho- 
roidal tubercles lose their original aspect and 
gradually heal or disappear, leaxdng residual 
pigment. Tlic cell count in the spinal fluid 
returns to normal or subnormal, alwaj'S below 
10 and generally under 4. This occurred in 
16 of the cases under observation. At the 
present time 46 children who liave been under- 
going treatment for from two to ten months 
appear to be normal. Treatment is stopped 
when there is an absence of all clinical men- 
ingeal symptoms, an ascending weight curve, 
complete apjrexia, normal sedimentation 
rate, a spinal lymphocjde coimt below 10 per 
cm., absence of tubercle bacilli in culture, and, 
if possible, a normal quantity of cerebrospinal 
albumin. A group of patients apparently 
cured of tuberculous meningitis, but still hav- 
ing symptoms and positive neurological 
signs, constitute a serious problem. It was 
decided to operate in 6 of these cases. In 5 of 
these, widespread leptomeningitis or pachy- 
meningitis of the cistema pontis was found; 
in the 6th there was a large meningeal tubercle 
about the chiasma. In 2 of these cases the 
results were remarkable. One patient, who 
was comatose and blind at the time of opera- 
tion, is one who now gives the greiitest hope of 
recovery . — Streptomycin and Tuberetdovs 
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Meningitis in Children, Preliminary Note, 
R. D. St. Thief ry, E. Brissaud & H. Nouf- 
flard, Brit. M. J., December 6, 19^7, 4535: 
S97. — {R. W. Clarke) 

Pressure Breathing and Circulation. — 
Simultaneous measurements were made during 
pressure breathing of the increase in volume of 
the lower leg, which w'as enclosed in a plethys- 
mograph, and of the increase in weight of the 
caudal end of the body as indicated by the 
change in balance of a teeter-board on which 
the subject lay supine. From these results it 
may be calculated that an increase of pul- 
monary pressure of 30 cm. of water displaces 
500 cc., or about half of the blood contained in 
the lungs; this represents about 8 to 10 per 
cent of the total blood volume. About 3 per 
cent of the total blood volume goes into the 
extremities and the remainder into the ab- 
domen. In the standmg position, there is less 
blood in the limgs, and the amount which can 
be displaced by pressure breathing is cor- 
respondingly less. By the use of a boot 
plethysmograph it is shown that the onset of 
pressure breathing causes an increase in foot 
volume due to passive inflation of the veins. 
If these passive changes are avoided by the 
previous inflation of a pneumatic cuff at 60 
mm. Hg placed on the leg above the plethys- 
mograph, then the onset of pressure breathing 
causes a decrease in the volume of the leg due 
to vasoconstriction. (Authors’ Summary). — 
Displacement of Blood from the Lungs by 
Pressure Breathing, W. 0. Fcnn, A. B. Otis, 
H. Rahn, L. E. Chadwick & A. H. Hegnauer, 
Am. J. Physiol., December, 1947, 151: 258 . — 
(<?. C. Lciner) 

Pressure Breathing and Circulation. — 
Positive pressure breathing produces vaso- 
constriction in the fingers and, therefore, a 
decrease in the finger pulse volume and a 
decrease in blood flow through the fingers. — 
Effed. of Pressure Breathing on Blood Flow 
through the Finger, W. 0 Fenn & L. E. 
Chadwick, Am. J. Physiol, December, 1947, 
151: 270.— {G. C. Lciner) 


BCG Vaccination. — ^During 1924 to 1926, all 
new student nurses were given a Pirquet test 
immediately before assuming their duties 
among tuberculous patients. Very few clinical 
cases developed in the positive group, but 
many did in the negative group. In 1927, 
of 57 nonreactors, 45 consented to be vac- 
cinated with BCG. During subsequent years, 
the same policy of offering BCG to non- 
reactors was followed. Each year, the mor- 
biditj' in the vaccinated group was much less 
than in the nonvaccinated group and often 
as low as in the Priquet-positive group. The 
protective effect of BCG appeared to be 
durable. — B.C.G. Vaccination of Nurses, 
J. Heimbeck, Tubercle, April, 1948, 29: 84 - — 
(A. G. Cohen) 

Apparatus for Airborne Infection. — ^The 
author describes in detail an apparatus by 
means of which animals can be safely exposed 
to known numbers of droplet nuclei containing 
various infective agents. This is par- 
ticularly suitable for quantitative natural 
airborne tuberculous infection. Only the 
fundamental principles of the device can be 
described here. A constant number of droplet 
nuclei of the infectious agent, engendered by 
atomizing a suspension of the agent with com- 
pressed air through a specially designed nozzle, 
is introduced into a chamber in which the 
animals are exposed, together with a constant 
flow of room air which is drawn into the 
chamber by draught action of a hot flame at 
the bottom of a specially constructed chimney 
which incinerates the outflovong infected air. 
The concentration of the infectious agent in- 
haled by the exposed animals is determined by 
the Wells air centrifuge. The tidal air of 
animals exposed can be measured during 
their sojoukn in the apparatus. The entire 
system works under negative pressure and 
thus minimizes the hazard to the persoimel. 
The instrument has been calibrated for the 
administration of minimal doses of tubercle 
bacilli to rabbits. It has been used for the 
study of the behaviour of inhaled particles in 
different states of suspension, as well as for the 
studj'' of primary and reinfection tubercu 
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losis. — On the Mechanics of Droplet Nuclei 
Infection. 1. Apparatus for the Quantitatm 
Study of Droplet Nuclei Infection in Animals, 
IF. F. Wells, Am. J. Ilyg., January, IdJ/S, 47: 
1. — {Max B. Lurie) 

Quantitative Relation between Inhaled 
Tubercle Bacilli and the Resulting Tu- 
bercles. — ^Particles containing bo\'inc tubercle 
bacilli of such a size that they settled less tlian 
one-tenth of a foot per minute in still air were 
introduced into the apparatus described in the 
preceding paper. If such particles containing 
single bacilli are inhaled by rabbits, it is 
claimed that each organism will give rise to a 
tubercle in the lung. If the particles are 
coarse so that they settle one foot per minute, 
only one in ten such particles will mduce a 
tubercle in the lungs of rabbits; the remainedr 
are swallowed. As 1ms been proven many 
times before, it is shown hero again thata fir^ 
infection protects from a subsequent inhala- 
tion reinfection. The theoretical basis for the 
above conclusions must be pursued in the 
paper proper. On the Mechanics of Droplet 
Nuclei Infection. II. Quantitative Experi- 
mental Air-Bome Tuberculosis in Rabbits, 
IF. F. Wells, H. L. Ratcliffc & C. Crumb, 
Am. J. Hyg., January, 104S, 47: 11. — (ilfoi 
B. Lurie) 

Tomography of the Spine In Tuberculous 
Disease. — ^Tuberculosis of the spine is first 
noticeable in the X-ray as the diminution of 
the space between the vertebral bodies with 
decalcification of the adjacent portions of bone. 
As caries progresses some collapse occurs and 
several vertebral bodies may be involved. 
Ordinarj'^ anteroposterior and lateral X-rays 
are useful in finding the extent and progress of 
the disease. Tomography is of special value, 
however, in overcoming difficulty in such 
areas as the first and second cervical vertebrae, 
the cervical dorsal region, and the lumbo- 
sacral area, where overlapping structures may 
interfere in delineation of bony disease. In 
the region of the first and second cervical 
vertebrae, a good view of the diseased area 
may be obtained from an ordinary lateral film. 


but in the anteroposterior X-ray, the area is 
usually obscured bj' the lower jaw. In the 
cendcal dorsal region, tuberculous disease may 
be delineated with plain films, but tomography 
may bo very helpful in more accurate defini- 
tion. Tuberculous disease of the sacrum is 
rare except in conjunction with disease of the 
sacroiliac joints. Tomograms may be of 
value in special cases. A brief description of 
the radiographic technique is given. — 
Tomography of the Spine in Tuberculous 
Disease, S. G. TFood <£: M. C. Willdnson, 
Brit. J. Radiol., October, 1947, 20: 4 IS . — 
(L. Hyde) 

Lung Abscess. — During a period of ten 
years, pulmonary resection for lung abscess 
was performed in 37 cases. This number in- 
cludes only those which appeared to be abscess 
cases from the very beginning, and not sec- 
ondary’ to other conditions. The patients had 
all received medical treatment, often including 
bronchoscopic aspiration and the use of 
sulfonamide drugs and penicillin. The condi- 
tion developed in the course of respiratory 
infection in 20 cases, following inhalation 
anesthesia in 11, complicating a foreign body 
in 5, and after a chest injury in one. Seven 
patients had had previous surgical therapy 
consisting of artificial pneumothorax in 2, rib 
resection and drainage in 3, drainage of 
empyema in one and drainage and thoraco- 
plasty in one. The average time from diag- 
nosis to resection was eighteen months. The 
operation consisted of segmental resection in 2, 
lobectomy in 16 and bilobectomy in 3 cases. 
Of these 21 cases, there was one operative 
death. Complications occurred in 3 cases, all 
of which responded to treatment. Pneumo- 
nectomy was performed in 16 cases. Tliere 
were 6 operative deaths. In addition, 3 pa- 
tients died of brain abscess within five months. 
Additional, nonfatal complications were noted 
in 3 cases. The recent trend in the treatment 
of chronic lung abscess is away from drain.age 
and toward resection. The stated indications 
for resection are: (!) persistent symptoms due 
to pathological changes secondary to open 
drainage; {£) multiple or multilocular 
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abscesses; (S) abscesses associated with 
secondary changes, consisting of fibrosis, 
bronchiectasis, bronchostenosis and atelec- 
tasis; (4) abscesses so located anatomicallj’’ as 
to be inaccessible to adequate drainage; (5) 
abscesses in wliich the diagnosis of malignaney 
is entertained; (6) abscesses associated from 
the onset with excessive bleeding; (7) ab- 
scesses in children; (S) abscesses secondary to 
foreign bodies not remo\-able by bronchoscopy. 
— Pulmonary Resection for Abscess of The 
Lung, R. P. Glover dc 0. T. Clagett, Surg., 
Gynec. <& Obst., April, 194S, 86: S85 . — 
(A. (?. Cohen) 

Cough as a Symptom, — Cough is dependent 
upon a local stimulus which originates nerve 
reflexes through the medulla, Tlie act of 
coughing can be divided into three phases; 
(f ) the inspiratory phase, followed by (S) the 
compressive phase which depends upon the 
closure of the glottis and an increase in the 
intrapulmonary pressure immediately pre- 
cedmg expiration, and (S) the expiratory 
phase, when the vocal cords and ventricular 
bands are quickly separated and air is forced 
out with the production of characteristic 
cough sounds. Purpose of cough is the re- 
moval of mucus, inflammatory exudate, and 
any other material in the air passages. The 
role played by bronchial movements during 
respiration is e.xtremely important in the re- 
moval of secretions from the air passages. 
Deep inspiration increases the motion of the 
bronchial, walls and this tends to move 
bronchial secretions. The degree of mobility 
is practically negligible during quiet respira- 
tion, such as is observed in narcosis, acute 
pleurisy and injuries to the chest. Ciliary 
function is also important in the elimination 
of secretions from the air passages. It is more 
effective in the presence of thin than of tliick 
secretions. Cough is a symptom and the 
cause must be determined. It may be caused 
by common respiratory tract disease, smoking, 
exposure to dust and fumes, extra-respiratory 
factors ("ear cough” or “reflex aural cough”), 
diseases of the nose and nasal accessory 
sinuses, nasal or pharyngeal obstruction, 


aspiration of food or fluid, and allergy. Cough 
of functional origin occurs, but one must be 
careful to exclude all possible organic causes 
before arriving at this diagnosis. To de- 
termine the exact cause of cough, careful 
liistoiy and physical examination are neces- 
sary'. Examination of the ear, nose and 
tlu-oat, and chest, plus chest X-rays, are 
usually indicated. Bronchography is indi- 
cated if there is any suspicion of increased 
bronchopulmonary markings suggesting 
bronchiectasis. In the presence of a liistory 
of allergy, appropriate tests must be per- 
formed. Treatment must be directed at the 
cause. Cough is necessary to rid the tracheal 
bronchial tree of excessive secretions, for 
example, from pulmonary abscess or bronchi- 
ectasis, and in these conditions narcotics 
should be used sparingly if at all. On the 
other hand in carcinoma cough is quite 
purposeless, and therefore symptomatic 
therapy and suppression may be indicated. 
Wlien cough is inadequate due to thick 
tenacious secretions, so-called stimulating 
expectorants are recommended. Inhalations 
of carbon dio.xide and oxygen increase the 
quantity of sputum and have been highly 
recommended . — Coiigh as a Symptom, L. H. 
Clerf, M. Clin. North America, November, 
1947, 31: 1393.— {L. Hyde) 

Cryptococcosis . — The case history of a girl 
whose disease started in 1937, and who was 
first reported in 1941, is reviewed. In 1938, 
Cryplococcus hominis was found in the ma- 
terial drained from a chest sinus and in the 
spinal fluid. Since then the patient has had 
several courses of sulfadiazine treatment; the 
lesions in the chest have improved while the 
changes in the central nervous system have 
shown slow progression. The patient is alive 
nine years after the onset of symptoms. On 
the basis of ejqjeriments on rats infected with 
cultures of Gryptococews hominis, the follow- 
ing conclusions are made: “Animals pre- 
viously infected with the cryptococcus and 
clinically appearing well gave no sign of having 
developed antibody protection against that 
organism. Animals treated with sulfadiazine 
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had their life exi>ectancy increased from 11.4 
to 2S.9 dal's. Animals treated with penicillin 
had their life cxi^ectancy increased from 11.4 
to 22.6 dal's. No advantage accrued when 
penicillin and sulfadiazine were used in 
combination. Animals treated with strepto- 
mycin had their life expectancy increased from 
11.4 to 28.0 dal's.” — Cryptococcosis. Report 
of a Case and Expcrimc7ital Studies, E. B. 
Reilly & E. L. Artman, Arch. Int. Med., 
January, 194S, 81: 1. — (G. C. Lciner) 

Pericarditis following Upper Respiratory 
Infection. — ^A 52-year-old man developed 
tonsillitis with fever. Within three weeks 
pericarditis with effusion had occurred. Cul- 
ture of the fluid showed hemolytic strepto- 
coccus. Repeated cultures from an accom- 
pani'ing pleural effusion were sterile. Tlie 
patient recot'ered completely after two 
courses of penicillin treatment. — Pericardial 
Effusion due to Hemolytic Streptococcus 
following an Acute Upper Respiratory Infec- 
tion: Associated Pleural Effusion; Report of 
Case and Review of Literature, S. H. Rimler & 
S. Leiboivits, Am. Heart J., March, 194S, 
35: 490. — (G. C. Leincr) 

Medlastinitls. — Two cases of mediastinitis 
in children are reported. Both followed the 
ingestion of baby food from containers from 
which glass liad been chipped when the con- 
tainers were opened. One case was proved to 
be due to the ingestion of the glass fragment, 
while the other was presumably due to the 
same type of fragment (Author’s Summar}'). — 
Mediastinitis due to Ingestion of Glass, J. D. 
Steele, J. A. M. A., February 21, 194S, 136: 
554. — (R. Abeles) 

Mediastinotomy. — ^A case of spontaneous 
mediastinal emphysema requirmg mediasti- 
notomy is presented. The clinical pictme, 
diagnosis and management are discussed 
(Authors’ Summary). — Mediastinotomy in 
Spontaneous Mediastinal Emphysema, J. R. 
Earns & E. 0. Dane, Jr., J. A. M. A., 
February 28, 1948, 136: 622.— {H. Abeles) 


Silicosis. — ^Every new ijcrson employed in 
the Calumet industrial area was given a 
physical and X-ray c.\amination. Tlie films 
were graded on the basis of the extent of lung 
markings plus the size of Ij'mph nodes. Tlierc 
was a fairly close correlation between the 
extent of these changes and the length of time a 
person had worked in this area. These 
changes were not disqualifying. Apical scar- 
ring or other e\'idcnce of tuberculosis was 
disqualifj'ing. Repeat X-rays were taken 
everj' j'ear. The earliest changes resulting 
from dust were seen in sLx years, ivith an 
average of fifteen years. Tlie changes con- 
sisted of enlargement and thickening of the 
hilar nodes. Tliesc were termed potential 
primarj' silicosis, and were not associated with 
63'mptoms. If the changes were progressive 
in workers under 45 j'ears of age, removal from 
e.xposure to silica was advised. If over 45, the 
workers were allowed to continue unless there 
was e\'idence of pulmonary infection. A 
definite diagnosis of silicosis was not made 
unless there was nodule formation in the 
parenchyma. Tlie onset of tuberculosis was 
very insidious. Aluminum therapy was pro- 
vided on a TOluntarj' basis; treatment was not 
given if there was ei'idence of tuberculosis. 
In the prophylactic group 30 to 40 treatments 
were given anually while in the therapeutic 
group, 40 treatments were given. Treatment 
consisted of the inhalation of aluminum dust 
or oxide through the mouth. The first treat- 
ment lasted two to three minutes. The time 
■was gradually increased to ten minutes bj' the 
eighth treatment and so continued. There 
were no toxic reactions. It is boUei'cd that 
the progression of the silicosis was checked 
markedly bj' aluminum therapy and that the 
incidence of secondary' tuberculosis was much 
less. The authors are not certain of the 
benefits of prophylaxis, but believe them to be 
good. — Silicosis Study and Management in the 
Calumet Industrial Area, G. W. Rausehenbach, 
D. R. Johns, J. F. Larabee, L. M. Hammar & 
B. F. Poracky, Indust. Med., January, 194S, 
17: 1. — (A. G. Cohen) 


THE PATHOGENESIS OF MINIMAL PULMONARY TUBERCULOSIS'- 

A Study of 1,225 Necropsies In Cases of Sudden and Unexpected Death 

K. M. MEDLAIU- ® 
iN”n{oin;c'nox 

The ttiulcrsl atulin}!; of any illness is enhtinecd by an appreciation of its patho- 
penosis and further clarilicafion is olhaincd by tin apiirojiriatc terminology that 
indicates the different phases of that pathogenesis. The terms that arc chosen 
.dionld bo as concise and tis few in number tis is consistent with a clear portraj'al 
of the pathogenesis. In tuberculo.'jis the terminology is redundant., (he ferm.s 
too often are tipidiod incorrectly, and as a rc.sult confu.sion e.vists in the undcr- 
.stamling of the disease. .As this paper deals with the pathogene.sis of minimnl 
tuberculosis, it .seems appropriate at this time that a pathologist .should define 
the terms employed commonly by clinicians, roentgenologists and epidemiolo- 
gists in discussions on tuberculosis, for the majority of the terms have been taken 
from the terminologA’ created by pathologists. It. is recommended that some of 
the terms defined be discarded; nevertheless it is necessary to define and discuss 
them to justify their deletion. 

DefiniHon of TcrviK 

The terms cxmlalivc, casroxs, vkcralivc, Jibro-coficou}!, fibro-casco-caJcific, fibro- 
cnlcific, imdfibrolic are used by the pathologist to indicate difTcrent phases in the 
pathogenesis of a tuberculous lesion with an appieciation that no one phase is 
completely indejiendent of its predcces.sor and that all tuberculous lesions do not 
ncccssarilj' undergo the same evolution. These terms are defined in the se- 
quence in which they usually occur in the pathogenesis of a lesion and thej’’ applj- 
equally to a lesion whether it be 1 mm. or 2 cm. in diameter. 

A tuberculous lesion may lie dc.scribed in the following terms. 

Exudative: The term exudative is used to designate the accumulation of the 
elements of inflammation at. the site of infection. The intense vascular conges- 
tion and the abundant exiulation of fluid t.hat is common in the earlj’- phase of 
inflammation in many bacterial infections, c.g., pneumococcus, are absent in 
infections with the tubercle Iracillus except where abruiit massive endobronchial 
metastascs occur. This accounts for the “dryness” of most tuberculous lesions. 
Nevertheless the emigration of leucocytes from the circulating blood begins earlj'' 
and continues to a greater or lesser degree until complete healing of a lesion b}’’ 

' From tlic Pathologj' Division of the Division of Chest Diseases, Bellevue Hospital, 
New York, New York. 
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resolution or by fibrosis lias occurred. The types of leucocytes and the numbers 
of each type in the exudate vary from time to time. Initially, the polymor- 
phonuclear leucocyte is the chief component and, if the lesion develops rapidly, 
it continues to predominate. Frequently this leads to the formation of a tuber- 
culous abscess that, differs in certain respects from other bacterial abscesses, c.g., 
those caused by Slaplnjlococcus or E. coU. The chief characteristic of a tubercu- 
lous abscess is the slowness with which it liquefies. Although liquefaction may- 
occur fairly jiromplly, usually it is considerably retarded and it even may not 
occur at all. In the latter instance, the formation of the abscess is checked or 
aborted although all the essentials for an abscc.ss are present except the completed 
process of liquefaction. 

If the progress of the lesion is less rapid, the epithelioid cell (a modified mono- 
cyte of the circulating blood) may outnumber the polymorphonuclear leucocyte 
for a time, only to be surpassed by the latter cell type if the tubercle bacilli begin 
to multiply rapidly. In a later stage, when repair of the lesion becomes manifest, 
monocytes and then lymphocytes predominate, with the lymphocyte the last of 
the cells of inflammation to vanish with a complete healing of the lesion. 

When a pathologist uses the term exudative he implies that the lesion has not 
necrosed. He is aware of the fact that all e.xudative lesions do not undergo 
necrosis and that the proportion of each leucocytic type in the exudate will shift 
as a lesion gradually resolves or is fibrosed. 

Caseous: The term caseous refers to the necrosis of the content of a tuberculous 
abscess with or without liquefaction. In the lung this represents an area of 
necrotic tuberculous pneumonia. Lesions of this type may persist for a long 
time without liquefaction or thej" maj' liquefy and slough early. A tuberculoma 
is a discrete caseous lesion of some size. 

Ulccralivc: The term ulcerative is used to describe a liquefying caseous lesion 
that is being sloughed. This applies to an ulcer, as in a bronchus or intestine; 
or to a cavity, as in the lung or kidney parenchyma. 

Fibro-cascous: An unsloughed caseous lesion that is being organized by fibrosis 
is designated fibro-caseous. The fibrosis begins in the periphery of the necrotic 
area and forms the so-called “capsule.” 

Fibro-caseo-calcific: Tliis term is used to describe a fibro-caseous lesion with 
calcium and other salt deposition in the caseous debris. 

Fibro-calcific: A lesion in which the caseous debris has been completely replaced 
by calcium and other salts and fibrotic tissue is designated fibro-calcific. 

Fibrotic: The term fibrotic refers to a lesion that is completely organized by 
fibrosis even if caseous material had been present. 

It is not uncommon to find more than one and sometimes all of the phases de- 
fined above when a tuberculous lesion in the lung is observed at necropsJ^ When 
foci of fibrosis, caseation, fibro-caseation and fibro-calcification are all present, 
the lcsio 7 i as a ivholc usuallj’^ is described as fibro-casco-calcific. The terms fihro- 
nlcerafivc phihisis and fibi'oid phthisis are used frequently in a similar sense. The 
use of such a terminologj’^ provides the pathologist with a crude method of esti- 
mating the relative age of tuberculous lesions as a whole when groups of persons 
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of similar age are analyzed, but this does not imply that the pathologist can de- 
termine that all caseous or all fibro-calcific foci are of identical age. 

Productive tuberculosis: The. term productive tuberculosis is used by some 
pathologists. The concept conveyed by this term is that the tuberculous lesion 
results entirely from a proliferation of the tissue cells normally present in the 
area, hence the lesion is not inflammatory in character and cannot be considered 
exudative. This interpretation is responsible for the ideas that a fibrotic capsule 
is formed early in a tuberculous lesion; that the classic histologic tubercle, aside 
from its Ijmphocytic components, is a local hyperplasia of the tissue; that such 
a lesion is “closed”; that the destruction of the fibrotic capsule b}”" “exudation” 
has to occur before the lesion can become “open”; and that the acute inflamma- 
tory reaction (exudation) is a response either to “tuberculin” escaping from the 
lesion (perifocal inflammation) or to an “acute” infection occurring in the area 
that contains the tuberculous lesion. This concept does not fit the known facts 
as of today relative to the pathogenesis of a tuberculous lesion and the term 'pro- 
ductive tuberculosis should be discarded. 

Classic histologic tubercle: This teim represents a phase in the pathogenesis of 
the disease that occurs commonly in the repair of a lesion. It is not of great 
significance except to the pathologist as a histologic confiimation of the diagnosis 
of tuberculosis. It can no longer be considered pathognomonic for tuberculosis 
as such lesions may be found in fungus infections. 

The above terms, as used by clinicians and roentgenologists in the interpreta- 
tion of roentgenographic shadows, should be used with care. The term exuda- 
tive tuberculosis is used correctly when shadows of recent origin are interpreted, 
but it is not generally appreciated that stationary or even receding shadows 
may represent lesions that stiU are in large part exudative in character. Casea- 
tion cannot be differentiated from exudation by the character of roentgenographic 
shadows and it is doubtful that j^6rosts can be distinguished from either exudation 
or caseation by this means. So-called calcific densities may prove to be more 
caseous than calcific. These remarks do not mean to imply that an individual 
experienced in reading roentgenograms c ann ot evaluate the clinical significance 
of certain shadow patterns, especially if serial roentgenograms are available, 
but they do imply that the composition of a tuberculous lesion caimot be deter- 
mined with exactness from roentgenographic shadows. Terms other than 
pathologic ones should be used in describing roentgenographic shadows. It is 
suggested that the term productive tuberculosis be replaced by the term fibrotic 
organization, for this is the sense in which clinicians and roentgenologists com- 
monly use the term rather than in the sense that pathologists employ it. 

Prmiary tuberculosis: The term primary tuberculosis designates a first in- 
fection with the tubercle bacillus. In primary tuberculosis it is usual that 
lymph nodes become macroscopically enlarged and caseous as a reaction to 
lymph-borne infection from the site of the parenchjmal focus. The combina- 
tion of the parenchymal focus and the affected lymph node is known as a primary 
complex. 

Reinfection tuberculosis: A new exogenous or air-bome infection in an in- 
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di^adual that has completely healed a primary infection is known as reinfection 
tuberculosis. In reinfection tuberculosis it is unusual for the lymph nodes 
draining a parenchymal focus to show macroscopic evidence of tuberculous 
infection. To substantiate a diagnosis of reinfection tuberculosis, a healed 
primary infection must be demonstrated. Hence reinfection tuberculosis can 
be determined wdth certainty only at necropsy. 

Endogenous reinfection: This term is used at times to describe e%ddence of new 
disease in an individual who has taken a “cure” or who has been clinically well 
despite the presence of roentgenograpliic shadows. The new disease may be of 
endogenous origin, but it is not a reinfection. The term exacerbation of disease 
is more appropriate in this connection. 

Superinfection: A new exogenous infection in a person who already harbors 
an unhealed lesion would constitute a superinfection. There are clinicians and 
pathologists w'ho believe that such a condition exists, but clinical or pathologic 
proof is most difficult, if not impossible, to obtain. If this term is used, care 
should be taken to indicate that the condition is an unproven hypothesis. 

Reinfection complex: The term reinfection complex is used to describe a condi- 
tion in which the Ijunph nodes draining a reinfection parench3Tnal lesion are 
affected macroscopically vdth tuberculosis that is in character with the parenchy- 
mal lesion. Tliis condition, once thought to be rare, probably is more common 
than is realized at present. Its existence makes necessary a most critical study 
of tissues at necropsy to determine whether a primary or a reinfection disease is 
present. On occasion the lymph nodes may be enlarged sufficiently to cause a 
shadow to be cast on a roentgenogram and hence such shadows no longer can 
confirm unequivocallj’" a diagnosis of primary tuberculosis in an adult. 

Incomplete primary complex: This term designates a condition in which either 
the parenchymal or lymph node focus cannot be demonstrated at necropsy. 
This situation occurs sufficiently often to interfere with an accurate determina- 
tion of the incidence of reinfection tuberculosis. 

The terms productive tuhercidosis, endogenous reinfection, primary tubercidosis, 
reinfection type, and superinfeciion often are used by clinicians and roentgenolo- 
gists, and confusion exists because of the w^ay in which they are applied. These 
terms should be used precisely or not at all. Excepting children, a clinical 
diagnosis of primary tuberculosis is permissible only if the disease is of recent 
origin in a person, usually a young adult, who was Imown to be a nonreactor to 
tuberculin at a previous date. Reinfection tuberculosis can be diagnosed with 
certainty only at necropsy. It may be surmised clinically when roentgenograms 
of the chest reveal shadows consistent ■with active tuberculosis in addition to 
shadow^s of calcific density disassociated from the active disease. Many in- 
dividuals with reinfection tuberculosis, however, -ndll fail to reveal foci of calcific 
density in roentgenograms. The term endogenous reinfection should be dis- 
carded altogether, and the term superinfection can serve no useful purpose for it 
represents an hypothesis that is impossible of proof on clinical grounds and is 
not proven on pathologic grounds. It is proposed that the term fibrotic organi- 
zation replace productive tuberculosis. 
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Lyitifho-liematogenom tuberculosis: A condition in which tubercle bacilli are 
disseminated from a necrotic lymph node into large lymphatics and thence 
through the blood stream, constitutes lympho-hematogenous tuberculosis. 
There is pathologic evidence that this condition occurs but it can be determined 
only at necropsy. The common usage of this term in discussion of tuberculosis 
creates an impression that this condition occurs commonly in adults, whereas 
necropsy studies show that it is an unusual occurrence. 

Hematogenous tuberculosis: Hematogenous tuberculosis is the result of the 
dissemination of tubercle bacilli through the blood stream, with tuberculous 
involvement of capillaries or small veins the usual source, and arteries an in- 
frequent source, for the dissemination. Generalized miliary tuberculosis is one 
manifestation, and tuberculosis of the kidney and other organs without manifest 
generalized miliary disease, another manifestation of this condition. In general- 
ized miliary tuberculosis the small lesions are seeded evenly throughout both 
lungs. Some clinicians and roentgenologists use the term miliary when the 
pulmonaiy lesions are small and numerous but are not distributed imiformly. 
In this instance it would be better to use the term miliary endobronchial metastases 
in order that an hematogenous origin is not inferred. 

Focal hematogenous pulmonary tuberculosis: This term is used to describe 
localized tuberculosis in the upper lung fields and is commonly used by clinicians 
and roentgenologists in the interpretation of roentgenographic shadows in the 
upper lung field in cases that show no tuberculous cavity to suggest the prob- 
ability of endobronchial metastasis. It is postulated commonly that such 
shadows represent a characteristic feature of lympho-hematogenous tuberculosis. 
Necropsy studies show that lympho-hematogenous tuberculosis is unusual in 
an adult and, when it does occur, a generalized miliary tuberculosis ensues with 
rare exception. There is no pathologic proof that, in lympho-hematogenous 
tuberculosis, the bacilli are screened out in a focal manner in the lungs. The 
only other source for a focal hematogenous pulmonary tuberculosis would be a 
tuberculous ulceration of a pulmonary artery. This occurs rarely and in such 
instances a generalized miliary tuberculosis ensues. There is evidence from 
necropsy studies, however, that: focal pulmonary lesions occur commonly in 
the upper part of lungs wthout tuberculous lesions in other organs; that these 
lesions frequently contain caseous and ulcerative foci; and that endobronchial 
metastases commonly arise from such lesions. To surmise that these focal 
lesions are of hematogenous origin carries with it the serious implication that a 
general hematogenous dissemination of bacilli has occurred; whereas, in the 
majority of instances, necropsy studies show that such lesions are limited to the 
lung. The term /oca? hematogenous pulmonary tuberculosis represents a postulate 
that has little, if any, pathologic fact to substantiate it. 

Metastatic tuberculosis: The term metastatic tuberculosis designates any 
tuberculous lesion derived from the initial focus without regard to the method 
of transmission. Tuberculous lesions observed clinically are, with rare excep- 
tions, metastatic lesions and they are common in both primary and reinfection 
tuberculosis. The mode of transmission may be indicated by the qualifying 



588 


E. M. MEDLAR 


adjectives endobronchial, lymphatic or hematogenous. These terms may 
replace such terms as “spread,” postprimary complication, primary renal 
tuberculosis, et cetera, that now are used. An objection to the term post- 
primary is that it implies a healed primary focus, a condition that often is not 
the case. Tuberculosis of the conjunctiva and of the sldn may be implanted 
from without. Tuberculosis of the bronclii, trachea, larynx, ureter, and genital 
organs may be regarded as metastatic lesions as they^ result commonly from the 
draining of a focus through natural ducts. Primar}' tuberculosis of the intestine 
is implanted from vdthout, but the lesions commonly found in tuberculous in- 
dividuals should be regarded as metastatic foci as the}' usually are dependent 
upon a sloughing pulmonary lesion. 

T^ibcrculous injection and inhercidons disease: By common usage, the term 
hibercnlous injection refers to cases that reveal roentgenographic shadows udth 
certain characteristics in the upper lung fields, and from experience it has been 
found that cases vdth roentgenographic shadows of such characteristics generally 
are not in need of close clinical supervision. Such cases are interpreted often 
as “healed” or “obsolete” tuberculosis, whereas necropsy studies show that 
completely healed tuberculosis is found infrequently in this part of the lung and 
that usually caseous, and often ulcerative, lesions are present. The term 
tvbercidous disease is used commonly when roentgenographic shadows with 
certain characteristics that have been found from experience to indicate the 
presence of dangerous disease are present, and in tins sense necropsy studies 
afford data that concur. 

In a pathogenetic sense, iuhcrcidotts injection and tuberculous disease are 
synonymous with the outcome of the infection determined by the natural or 
acquired resistance of the individual. The common usage of these terms 
artificially separates infection and disease and, because of the nature of the 
pathology in tuberculous cases, such an artificial separation can hinder materially 
an effective control of the disease unless the actual condition is appreciated 
generally. Cases now classified as tttberculous injection will be, of course, 
clinically well and will not need hospital care. It is impossible, however, to 
determine beforehand which one or how many may suffer a relapse of the disease 
and, because of this situation, some sort of supervision by roentgenograpliic 
study should be devised. 

The terms that have been defined and discussed represent, in large part, those 
now in common use in the United States. The changes that are suggested refer 
to a clarification of a confused condition. Many terms that are used by patholo- 
gists and clinicians have not been included, for the terminology in tuberculosis 
is redundant and is in need of simplification. The descriptive terms used in the 
following paper are in compliance with the definitions offered. 

PATHOGENETIC ANALYSIS OF AHNTMAL TUBERCULOSIS 

The importance of detecting pulmonary tuberculosis early has implemented 
mass roentgenographic surveys which have disclosed lesions of minimal extent 
in surprisingly large numbers. Reisner and Downes (1) found that 65 per cent 
of the individuals who exhibited roentgenographic shadows after exposure to 
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Icnow cases of tuberculosis had lesions of minimal extent and Edwards (2), in a 
general survey, observed that 70 per cent of the newly discovered cases were of 
minimal extent. Elkin, et al. (3), in a roentgenological survey of persons em- 
ployed in factories producing war equipment found that 70 per cent of the new 
cases were minimal in extent and that in white males the incidence of radio- 
graphic shadows increased from 0.3 per cent in those less than 20 years of age 
to 9.4 per cent in those over 60 years of age. 

The disposition of the newly discovered minimal case presents a problem more 
subtle than the problem of detection because the implications of lesions of this 
extent are difficult to determine. This is due, in part at least, to a widespread 
and distressing lack of understanding of the pathogenesis of the disease. Roent- 
genographic shadows of this extent are interpreted, depending on the character 
of the shadow and the concept of the interpreter, as exudative, productive, 
fibro-caseous, calcified, fibrotic, healed, obsolete, of no clinical significance, soft, 
hard, stringy, clinically active or clinically inactive. As a rule only those in- 
dividuals with soft, exudative, or clinically active lesions are considered in need 
of medical supervision and often lesions of this character are not taken seriously. 

A survey of the literature fails to reveal a pathogenetic analysis of a series of 
cases that could be considered as representative of the lesions of minimal tuber- 
culosis foimd in mass roentgenographic surveys. The most meticulous ana- 
tomical studies of tuberculous lesions, observed in persons dead from causes other 
than tuberculosis, reported in the United States, are those of Terplan (4), 
Sweany (5), Games (6), apd Everett (7). None of these authors has reported 
on more than individual cases that would conform to a clinical interpretation of 
pulmonary tuberculosis of minimal extent. 

MATERIAL AND METHOD 

Through the courtesy of the Office of the Medical Examiner of the Borough 
of Manhattan, the writer has had the opportunity to collect data relative to the 
incidence of tuberculous infection from 1,225 necropsies on adults over 20 years 
of age who died suddenly and unexpectedly. Among these persons there were a 
number in whom the extent of the tuberculous disease would conform to the 
standard for minimal pulmonary tuberculosis detailed in the Diagnostic Stand- 
ards of the National Tuberculosis Association (8). An analysis of these minimal 
cases is the object of this paper. 

The value of any study of necropsy material dealing with tuberculosis de- 
pends upon the care and the time spent in the search for evidence, not alone in 
the lungs but .also in the abdominal viscera and in the various lymph nodes 
associated with the respiratory and gastro-intestinal systems. In collecting the 
data on which this paper is based, the writer has been free to devote his entire 
time to a search for evidence of tuberculosis without having to assume responsi- 
bility for the performance of the necropsy or of recording the necropsy findings. 
At least two hours were spent in the examination of the fresh tissues in every 
case. It required two and one-half years to collect the data on which this study 
is based. 
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At the time of the necropsy the IjTnph nodes were cut into thin laj’^ers with a scalpel 
and the lungs and abdominal organs were cut into sections approximately 3 mm. thick. 
All sections of tissue were palpated with bare fingers in search of minute tuberculous 
lesions, and tuberculous foci 1 mm. or less in diameter were often discovered by this 
method. Not infrequently the only evidence of tuberculosis in Ijunph nodes was a small 
sliver of calcified material in a single node of normal size. The utilization of this technique 
in the routine examination of fresh tissues was preferred as it avoids the delaj’' inherent in 
obtaining roentgenographic films, and about the onlj' advantage of a roentgenogram is the 
prompt location of calcific foci. It is doubted that a significant niunber of calcific lesions 
have been missed in the method employed and many noncalcific lesions less than 2 mm. in 
diameter were discovered. It is believed that the minute noncalcific lesions would fail to 
register a significant shadow on a roentgenogram. 

The observations in each case were recorded on a separate sheet of paper on which there 
was an outline of the lungs. The relative size, macroscopic character and location of 
everj’' lesion, the date, name, age, sex, race and cause of death were recorded. The larger 
foci were examined for emdence of cavity formation, caseous foci and cJilcific deposits and 
many blocks of tissue from each case were preserved for microscopic study. 

Criteria for Selection of Cases 

It is believed that some sort of a roentgenographic shadow would have been 
seen in each case included in this study had roentgenograms of the chest been 
available. The selection of cases rests upon the investigator’s own judgment 
and not on established fact from a roentgenological standpoint. In the necropsy 
series there were many cases vdth tuberculous foci that were considered too small 
to register a significant roentgenograpluc shadow ahd these were all rej'ected 
from the study. In the group of minimal pulmonary tuberculosis selected for 
study the smallest lesion included involved at least a cubic centimeter of lung 
parenchyma vdth one or more foci, and the largest lesion wms within the limits 
of minimal disease as defined in the Diagnostic Standards of the National Tuber- 
culosis Association (8). To preclude the question as to whether the lesions were 
tuberculous, all lesions included in the study contained caseous foci, calcific foci 
or both. Focal scars without evidence of caseation or of calcification were 
rejected as they could not be proved to be of tuberculous origin. Tliis was done 
despite the fact that many such foci were regarded as healed areas of tuberculosis. 
Lesions with cavities less than 1 cm. in diameter were included, even though a 
minimal lesion by definition should not contain a cavity. The presence of the 
cavities that were included would be most difficult, if not impossible, to demon- 
strate in a roentgenogram of the chest because of their small size and of their 
location in the lung. 

The separation of the cases of minimal puhnonaiy tuberculosis into primary 
and reinfection groups and the behaxnor of these groups is an important part of 
the study. The criterion for the inclusion of any case in the primary group is 
that the lymph nodes draining the area of parenchymal disease must show evi- 
dence of tuberculous involvement with no calcific or other foci in lungs, lymph 
nodes, or gastro-intestinal tract disassociated from the lesion under studjA In 
the reinfection group at least one calcified primary complex, disassociated from 
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the lesion under study, must be present and, if the lymph nodes draining the 
area of the parenchymal focus are tuberculous, they must present a condition 
consistent with the predominant feature of the lesion under study. 

To afford a comparison of minimal pulmonaiy tuberculosis with calcified 
primary parenchymal foci, cases were selected on the basis that one calcified 
primary complex, and no other evidence of tuberculous infection in the lungs or 
lymph nodes, was present. On the assumption that calcific foci over 2 mm. in 
diameter would be observed usually in roentgenograms of the chest, no parenchy- 
mal lesion of smaller size was allowed and this restriction excluded a consider- 
able number of cases with a single calcified primary complex. Any case that 
showed calcified lesions in lymph nodes of the neck was not acceptable for this 
group. 

The terminology used in describing lesions and in other ivays is in compliance 
with the terms previously defined in this paper. In aU of the tuberculous lesions 
there were multiple tuberculous foci, hence the predominant features of a lesion 
as a whole are indicated by the teim that is used in describing it. Thus, a 
fibro-caseous lesion is predominantly of this character and a fibro-caseo-calcific 
lesion evidenced foci of caseation, fibrosis and fibro-calcification. 

OBSERVATIONS 

Among the 1,225 necropsies there were 105 persons with a single calcified 
primary complex and 104 persons with a minimal disease that conformed to the 
criteria given above. In the minimal group, the disease was interpreted as 
representing either ‘primary or reinfection disease in 96 persons and was indeter- 
minate in 8 persons because no l 3 Tnph node involvement was found. The inde- 
terminate cases were deleted from the study. In addition, 28 persons had 
parench 3 mal scars at least 1 cm. in diameter with neither caseous nor calcific 
foci present and, as these scars could not be proved to be healed tuberculous 
foci, they are not included in this study. In the following pages an analysis of the 
105 cases with a single calcified primary complex and of the 96 cases with mini- 
mal pulmonary tuberculosis is presented with regard to age, sex, race, and loca- 
tion and predominant features of the lesions. 

The data presented in table 1 are in relation to race, sex and age with the per- 
centages being of the necropsy series as a whole. The most important facts 
contained in this table are: calcified primary complexes are t^vice as frequent in 
persons over 40 as in those under 40 years of age with this situation being more 
pronounced in the Negro race and in all males; primary lesions of minimal extent 
are 2.7 times more frequent in persons less than 40 than in those over 40 jmars of 
age, being more pronounced in the Negro race and in all males; and reinfection 
lesions of minimal extent are found 10 times more often in persons over 40 than 
in persons less than 40 years of age vith the white race and the Avhite male 
contributing over 80 per cent of the cases in this category. 

In the group of cases of minimal extent, the lesion was primary in type in 91 
per cent of the persons less than 40 years of age, and reinfection in type in 72.6 
per cent of the persons over 40 years of age. Both types of lesion were present 
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in all age groups, but it is evident that primary and reinfection tuberculosis 
predominate in different age groups. Tuberculous foci of macroscopic size 
were observed in the abdominal organs in 11 (26.8 per cent) persons in the pri- 

TABLE 1 

Distribution of calcified primary foci, 2 mm. or more in diameter, primary and reinfection 
minimal pulmonary luberetdosis in relation to age, race and sex 


1 

ALL 

NECROPSIES 

CALariED PRtUAEY 
COUTLEX 

PRTMARY MINIMAL 
PULMONARY 
TUBERCULOSIS 

REINFECTION MINIMAL 
PULMONARY 
TUBERCULOSIS 

Number j Per cent 

1 Number j Per cent 

Number ] Per cent 


All cases 


All ages 

1,225 

105 

8.5 1 

41 

3.3 

55 

4.5 

20 to 39 

348 ' 

16 

4.6 * 

21 

6.0 

2 

0.6 

40 to 59 

568 

58 

10.2 

13 

2.3 

29 

5.1 

60 + 

309 

31 

10.0 

7 

2.2 

1 

24 

7.7 


White race 


All ages 

981 

93 ! 

9.4 

28 

2.8 

51 

5.2 

20 to 39 

217 

15 

6.9 

11 

5.1 ; 

1 

0.4 

40 to 59 

473 

49 

10.3 

10 

2.1 

27 

5.7 

60 + 

291 1 

1 

29 1 

1 

9.9 

7 

2.2 1 

23 

7.9 


Negro race 


All ages 

244 

12 


13 

5.3 

mm 

1.6 

20 to 39 

131 

1 


10 

7.6 


0.7 

40 to 59 

95 

9 


3 

3.1 


2.1 

60 + 

18 

2 

11.1 ! 

— 

— 

n 

5.5 


Males 


All ages 

907 

76 

8.4 

29 

3.2 

49 

5.6 

20 to 39 


7 

3.4 

15 

7.4 

2 

1.0 

40 to 59 


46 

10.0 

9 

1.9 

27 

5.9 

60 + 1 

1 


23 j 

9.9 

5 

2.1 

20 

8.5 


Females 


All ages 

318 

29 ! 

9.1 

12 

3.8 

1 ' 

1.9 

20 to 39 

147 

9 

6.1 

6 

4.1 

1 — 

— 

40 to 59 

109 

12 

11.0 

4 

3.6 

2 

1.8 

60 + 

62 

8 

1 12.9 

2 

1 

3.2 

4 

6.4 


Percentages are those of all necropsies in specified groups. 


mary group and in only one (3.6 per cent) person in the reinfection group. This 
suggests that adults with primary disease of minimal extent are less able to 
limit the infection to the respirator^' tract than those with the reinfection tjpe. 
Nine (8.8 per cent) persons in the healed primary complex group had old 
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fibrotic or calcified tuberculous foci in one or more of the abdominal organs. 
In this group it appears that the blood-borne infection originated in the parenchj'- 
mal pulmonary focus as this was the only focus in the lung. A similar origin 
for the hematogenous distribution in the primary group of minimal extent seems 
jilausible. 

The difference in age distribution of the primary and reinfection eases may 
be seen in figure 1 . The increased incidence of calcific foci with increase in age 
reduces the number of pei-sons in the older age groups in whom a primary in- 
fection would be possilile and this may account for a lower incidence of primar}' 
lesions of minimal extent in older pci-sons. If this explanation is correct, then 


PERCENT 



Fig. 1. Pcrccntnge of minim.il, primary and reinfection pulmonary tuberculosis in 
different age groups (1,225 necropsies, dcatlis sudden and unexpected). 


the problem of reinfection disease assumes added significance liecause there are 
more deatlis from tuberculosis in persons beyond middle age than in J^oung 
adults, and in the older jiersons the greater number of deaths occur in white males. 

Single discrete roentgenographic shadows of calcium density, commonly 
interpreted as healed jirimary or Ghon foci, are observed more often in the lower 
half of the lung field, whereas the shadows of earl}'' progressive pulmonary 
tuberculosis usually are seen in the upper third of the lung field. Roentgeno- 
grams of the persons included in this study were not taken. In every case, 
however, the location of the lesions was recorded carefully on a diagram of the 
lung. To determine whether the lesions found would conform in their distri- 
bution to the well known roentgenographic pattern, the lesions of each group 
were assembled on postero-anterior, right and left lateral roentgenograms of 




Figs. 2, 3 and 4. Relative location of the lesions discussed in the text. A solid dot 
represents a lesion in an upper lobe; a circle, a lesion in a lower lobe; and a circle with a bar, 
a lesion in the right middle lobe. PA = postero-antcrior; R = right lateral; and L = left 
lateral roentgenogram. 

Fig. 2, a, b, c. Show the location of the calcified parenchymal foci in 105 individuals 
with a single primary complex. 
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normal chests. Figures 2, 3, and 4 show the distribution pattern of the paren- 
chymal lesion in the calcified primary complex, the 'primary and the reinfection 
groups, respectively. 

The scatter pattern of the calcified parenchymal primary foci (figure 2) 
agrees vdth the known facts on the subject and is one consistent -with a chance 
distribution of an air-borne infection. Eighty-five per cent of the foci were 
tvithin 1 cm. of the pleura, two-thirds were in the lower half of the lung field, 
and only 12 per cent were supraclavicular in location. The lesions were in the 
right lung in 51 persons, in the left lung in 54, in upper lobes in 42, in lower lobes 
in 56 and in the right middle lobe in 7. One-fifth of the foci were near the 
mesial surfaces of lungs in a location such that the shadows would appear in 
the hilar region in postero-anterior roentgenograms and, in this position, they 
might readily and erroneously be interpreted as calcific lular lymph nodes. A 
similar situation may occur in lateral roentgenograms. 

In the reinfection group (figure 3) the right lung was involved in 24 persons, 
the left lung in 21, and both lungs in 10. The lesions were located in the upper 
bfllf of pulmonary lobes in 62 (93.9 per cent) instances and in lower lobes in 7 
(12.7 per cent) persons. The lesions were supraclavicular in position in 31 
(46.9 per cent) and infraclavicular in 23 (34.8 per cent) instances. Three- 
fourths of the lesions were located in the dorsal portion of the upper half of 
pulmonary lobes. The primary complex was in the intestine in 7 persons and a 
reinfection complex was observed in 13 (23.6 per cent) persons. 

In the primary group of minimal extent (figure 4), the right lung was the seat 
of disease in 19, the left lung in 14 and both lungs in 8 persons. The lesions 
were located in the upper half of the pulmonary lobes in 42 (85.7 per cent) 
instances and in the dorsal part of these lobes in 35 (71.4 per cent) instances. 
Thirty-two (65.3 per cent) of the 49 areas of disease were located above the level 
of the second costochondral junction with 14 (28.5 per cent) supraclavicular 
and 18 (36.7 per cent) infraclavicular in position. The lesion was in lower 
lobes in 7 and in the right middle lobe in 3 persons. 

A comparison of the two groups of minimal tuberculosis reveals a greater 
scatter of lesions in the primary group. There is a tendency, however, for the 
disease to be located in the same areas of lung tissue in both groups. It is 
evident that, in an individual case, differentiation between primary and rein- 
fection disease by the location of the lesion is not possible. 

The predominant characteristic of the lesions in the minimal groups are 
presented in relation to age in table 2. In this series there was no entire lesion 
in which exudation without caseation was found. In some the endobronchial 
metastases did not appear necrotic, but in these lesions caseation was present 
and was considered the chief characteristic. Primary and reinfection groups 
both contain lesions that have the same characteristic features although the 
proportional distribution within age groups shows considerable difference. In 
persons less than 40 years of age, 9 of 10 caseous lesions were primary in type; 
and in persons over 40 years of age, 10 or 13 caseous lesions were reinfection in 
type. Other proportional differences are present in the table. Only 23 (23.9 
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per cent) of the foci were caseous, of fairly recent origin, and all of the remaining 
foci exhibited an attempt at repair of the lesion. It would appear that, taken 
as a whole, the indmduals with minimal pulmonarj’’ tuberculosis had a certain 
degree of resistance, although onty 13 (13.S per cent) revealed a completely 
healed lesion. There were no macroscopic or liistologic characteristics of the 
parenchymal lesions that allowed a clear-cut distinction between primary and 
reinfection disease. 


TABLE 2 

Dominant pathologic features of minimal pulmonary tuberculosis in relation to age and 

primary or reinfection disease 


AGE 

TOTAL 

DOillXAN’T TEATUEE OT LESION'S 

Caseous 

Fibro-caseous 

Fibro-caseo-calcific 

Fibro-calcific 

All cases 

Primary 

minimal 

tuberculosis 

Reinfection 

minimal 

tuberculosis 

All cases 

Primary 

minimal 

tuberculosis 

Reinfection 

minimal 

tuberculosis 

All cases 

Primary 

minimal 

tuberculosis 

Reinfection 

minimal 

tuberculosis 

All cases 

Primary 

minimal 

tuberculosis 

Reinfection 

minimal 

tuberculosis 

All cases 

Primary 

minimal 

tuberculosis 

Reinfection 

minimal 

tuberculosis 

All ages. . 

96 

i 

41 

55 

23 

12 

11 

43 

14 

29 

17 

1 

7 


13 

8 

5 

20 to 39. . 

23 

21 

2 

10 

9 

1 

7 

7 

— 

5 

H 

1 

1 

1 

— 

40 to 59.. 

43 

13 

30 

9 

3 

6 

22 

4 

IS 

S 


6 

4 

4 

__ 

CO-f 

30 

7 

23 

4 

— 

4 

14 

3 

11 

4 

H 

3 

8 

3 

5 

1 


TABLE 3 

Age distribution of primary and reinfection disease in minimal tuberculosis and in deaths 

from tuberculosis 


TYPE OF DISEASE 

DEAD rSOM TUBERCULOSIS 

UINIiLAL TUBERCULOSIS 

All cases 

Age in years 

All cases 

Age in years 

Under 40 

Over 40 ! 

1 

Under 40 

Over 40 

Number 

Per 

cent 

Number 

Per 

cent 

Number 

Per 1 
cent 

1 

Number 

Per 

cent 

Total 

77 

34 

44.2 

43 

55.8 

96 

23 

23.9 

73 

76.1 

Primary 

34 

27 

79.4 

7 

20.6 

41 

21 

51.2 

20 

4S.S 

Eeinfection 

43 

7 

16.3 

36 

83.7 

! 55 

2 

3.6 

S3 

1 96.4 


In a pre’idous study (9) of 100 persons dead from tuberculosis, 77 were re- 
garded as representing clearly either primary or reinfection disease, vith the 
tjpe indeterminate in 23. In the light of the data on tubei'culosis of minimal 
extent observed in cases of sudden and une.xpected death, the protocols of those 
dead from piimarj’- or reinfection disease have been re-examined. A compaiison 
of the groups of minimal tuberculosis with the group dead from tuberculosis 
relative to age distribution is presented in table 3. The age distribution of the 
reinfection tj^je is striking^ alike and of the primary tj^ae is dissimilar in the 
two groups. In the prunai^' group the difference may be due to the fact that 70 
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per cent of minimal cases had lesions consistent with an infection of some dura- 
tion. The data in this table indicate that primary and reinfection tuberculosis 
occur predominately in different age groups regardless of whether the disease is 
of minimal extent or is the cause of death. 

Macroscopic evidence of a generalized disease in the two groups is shown in 
table 4. There is a striking difference between primary and reinfection disease 
in both groups. 

The predominant feature of the disease in relation to location in pulmonary 
lobes in the entire group of minimal cases is presented in table 5. Eighty- 
eight per cent of all lesions were located in the upper half of pulmonary lobes. 

TABLE 4 


Macroscopic evidence of tuberculosis in abdominal organs in primary and reinfection disease, 
minimal tuberculosis and deaths from tuberculosis 


TX1»E or DISEASE 

DEAD EBOU TUBEfiCUlOSIS 

mNIMAt TTJBEBCULOSIS 

All cases 

TB. in abdominal organs 

All cases 

|TB. in abdominal organs 

1 

Number 

Per cent 

Number 

Per cent 

Total 

34 

26 

76.4 

41 

n 

26.8 

Primary 

77 

38 

49.3 

96 


12.5 

Reinfection 

43 

12 

27.9 

65 

■■ 

3.6 


TABLE 6 

Areas of minimal pulmonary tuberculosis. Comparison with regard to location in lobes of 

lung and dominant feature of lesions 


LOCATION or LESIONS 
IN LOBES 

NTJUDEB 
OF ABEAS 

DDUINANT FEATURE OF LESIONS 

Caseous 

Fibro-caseous ' 

.... 1 

Fibro-casco-calcific 

Fibro-calcific 


Per cent 

Number 

Per cent 




Per cent 

Total 

n 

29 

25.2 

53 

46.1 

19 

H 

14 

12.1 

Upper half 


'26 

25.7 


49.5 

17 


8 

7.9 

Lower half 

14 

3 

21.4 

3 

21.4 

2 

14.4 

6 

42.8 


Lesions having similar characteristics were found in both halves of lobes. Pro- 
portionally, however, there were more healed lesions in the lower half of lobes. 

It is neither feasible nor necessary to illustrate the anatomic and histological 
character of all of the minimal tuberculous lesions. The illustrations have been 
selected to show representative primary and reinfection lesions in persons of 
different age; they show a cross section of the entire area of the lesion and the 
explanations accompanying the illustrations make further comment here im- 
necessary. 


DISCUSSION 

When tuberculous lesions of minimal extent are observed at necropsy, they 
do not present a uniform pathological picture, nor are they early or young in 
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terms of the pathogenesis of the disease. Eighty-seven per cent of the persons 
in the minimal groups analj’^zed in this presentation harbored unhealed disease, 
as shown by the presence of necrotic (caseous) foci and endobronchial metastases. 
Not a single case ivas observed in the entire series of necropsies of a tuberculous 
lesion of minimal extent in which the entire focus was exudative, hence non- 
necrotic, lilce the areas of acute, nontuberculous lobular pneumonia so commonly 
observed at necropsy. In a search of the literature, no case of purely exudative 
minimal pulmonarj’^ tuberculosis has been found. From a considerable experi- 
ence in experimentally produced tuberculosis, in comparative patholog}’" and in 
necropsy observation on hiunan beings, the vTiter believes: that all foci of air- 
borne tuberculous infection begin as microscopical foci of pneumonia, similar to 
the lesion reported by Pagel (10); that the area of pneumonia enlarges through 
the accumulation of leucocjdies from the circulating blood; and that, bj’- the time 
the lesion attains a size sufficient to be recognized macroscopically, necrosis 
(caseation) of the original focus has already occurred and in many instances 
local endobronchial metastases have also developed. The length of time re- 
quired to reach this stage in man cannot be determined, but in experimental 
animals a few weeks to a few months are required for an area of disease to de- 
velop that is comparable to minimal pulmonary tuberculosis in man. No 
evidence was found at necropsj’’ to support the thesis that minimal tuberculosis 
arises as a prompt reaction to a massive air-borne infection. E\’idence is also 
lacking to support the thesis that disease of this e-xtent has its origin either from 
a hematogenous or from a lympho-hematogenous source. All of the data ob- 
tained in the examination of the series of 1,225 necropsies indicate that, when 
minimal pulmonarj’’ tuberculosis is first demonstrable in roentgenograms, case- 
ation of an area of tuberculous lobular pneumonia is present and local endo- 
bronchial metastases have alreadj”^ occurred in a high percentage of the cases. 

In selecting the cases of minimal disease, only those that had a lesion of a 
size thought to be sufficient to cast a roentgenographic shadow were chosen 
for study. '\¥hether the smallest lesions that were included would have been 
demonstrable cannot be determined as roentgenograms were not available. 
The shadows that might have been obsen^ed, had roentgenograms been ob- 
tained, however, would have varied in density, location, extent and configura- 
tion. In 30 individuals shadows of calcium densit}' would have been present, 
and in 17 of these the lesions also contained unorganized foci of caseation. 
This situation indicates that caution should be exercised in the diagnosis of 
healed tuberculosis when shadows which exhibit scattered foci of calcium density 
are observed in the upper third of the lung field. 

Two schools of thought relative to the pathogenesis of progressive pulmonary 
tuberculosis in adults have existed for many years. One school supports the 
thesis that the primary infection acquired in childhood lies dormant for un- 
knovm reasons until adolescence, when it becomes a progressive pulmonary 
disease (endogenous reinfection tuberculosis) with the site from which the disease 
is spread being caseous tuberculous lymph nodes Oympho-hematogenous tuber- 
culosis). The second school of thought supports the thesis that the primary 
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infection acquired in childhood is an innocuous disease that heals completely. 
During its course, however, an "allergic” soil is created and the stage is set for 
the development of a progressive disease, if the individual becomes infected a 
second time (exogenous reinfection tuberculosis). Both schools agree that 
progressive pulmonary tuberculosis (phthisis) has its inception in the upper 
tliird of the limg field, some maintaining that it begins in the apex, some that 
its origin is subapical. Both schools consider that the allergic soil enhances 
the development of the progressive disease. 

The data presented in tliis paper show that calcified primary parenchymal 
lesions, even when there is only one in a pair of lungs, have a pattern consistent 
with a chance distribution of an air-borne infection. In this group evidence of 
l 3 Tnpho-hematogenous disease w-as lacking and evidence of hematogenous dis- 
semination was found in only 8.5 per cent of the cases. The disease was 
strictly limited to the parenchymal focus and the lymph nodes in the path of 
drainage in 92 per cent of the individuals. All of the parenchymal foci were 
completely calcific and in onty 4 individuals were the lymph nodes caseo-calcific, 
indicative of a failure of complete healing. No cultures were made of the lesions, 
but the reports of Opie and Aronson (11), of Sweany (12) and of Feldman (13) 
indicate that viable bacilli are found infrequently in lesions of tliis type. 

The distribution pattern of the minimal disease w'as atypical for chance 
distribution of an air-borne infection for the lesions ivere predominantly dorsal 
in position and within the upper half of pulmonarj’^ lobes, both apical and subapi- 
cal in location. The pattern is not one suggestive either of an hematogenous 
or of a lympho-hematogenous origin of the disease as the lesions were unilateral 
in 82 per cent of the indi%iduals. Moreover, evidence of tuberculosis in the 
abdominal organs was obseiwed in only 12 (12.8 per cent) persons, 11 of w'hom 
were in the primary group. 

These data do not conform to the concepts of either school of thought men- 
tioned above. It does not seem logical that an "allergic” state would make 
certain areas only of the lung more susceptible to an air-borne infection. It is 
even more difficult to understand how an "allergic” soil would make these same 
selective areas of lung tissue so susceptible to an hematogenous or a lympho- 
hematogenous distribution of tubercle bacilli. The data do indicate that in 
adults certain areas of pulmonary lobes are especially subject to the develop- 
ment of progressive tuberculosis. 

Evidence (14) has been submitted that under certain conditions in both normal 
and vaccinated, hence "allergic”, rabbits, pulmonary tuberculosis produced by 
the intravenous inoculation of bacilli, develops into bilateral caseous cavitating 
disease only in the dorsal and caudal areas of the lungs. It was further observed 
that the location of this tjqje of disease could be changed by forcing nwimnlR to 
stay in an upright rather than in a normal horizontal position. It has also 
been reported (15) that caseous cavitating pulmonary tuberculosis in cattle, an 
air-bome infection, usually was unilateral and predominantly located in the 
same area of lung as had been observed in rabbits with a blood-bome infection. 
These observations suggest that posture is a factor of more importance in the 
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development of localized progressive pnlmonaiy tuberculosis than the source 
of the infection, the type of infection, i.e.., primary or reinfection, or the initial 
dosage of bacilli at the site of infection. 

In man, posture cannot be the only factor in the pathogenesis of progressive 
pulmonary tuberculosis, for calcified parenchymal primary lesions occasionally 
are found in the areas in which progressive disease is apt to develop. Dock (16) 
has suggested that gravity and arterial blood flow may be decisive factors. 
Any explanation that may be suggested to account for the phenomenon of 
phthisis must be applicable primarily to the doi’sal and cephalic portion of all 
pulmonaiy lobes. 

To recapitulate, the pattern of minimal pulmonaiy tuberculosis suggests: 
that certain areas of the lung parenchyma are subject to the development of 
progressive disease, although the reasons for this selectmt 3 ’’ are not understood; 
that evidence to support an hematogenous or a lympho-hematogenous origin 
of the lesions is lacking; and that lesions may ensue from a chance lodgment of 
air-borne bacilli in a vulnerable area either in a normal or m an altered (allergic) 
lung parenchyma. 

In a comparison of the group of Tninimn] disease with a group of indiidduals 
who died from tuberculosis, it was found that in both groups primarj’’ disease 
was predominant in persons less than 40 j'-ears of age and reinfection disease 
was ascendant in persons over 40 j^ears of age. The average age of the primary 
group of fatal cases was 34 years and of the reinfection group, 52 j’-ears. In the 
group of fatal cases primary disease accounted for 79.4 per cent of the deaths of 
persons under 40 years of age and reinfection disease for S3 .7 per cent of the 
deaths of indiwduals over 40 j’^ears of age. In the group of minimal tuberculosis, 
the disease was primary in 91 per cent of the persons under 40 j’^ears of age and 
was reinfection in 72.6 per cent of indmduals over 40 years of age. In this 
respect there is a striking similarity relative to primarj'" and reinfection disease 
in the two groups. 

A significant difference between the primary and the reinfection groups in 
both minimal and fatal tuberculosis is the greater frequencj’- of macroscopic 
evidence of hematogenous dissemination of the disease in the primarj’" group. 
This suggests either that these individuals are less successful in preventing the 
invasion of the bacilli into the blood stream or that thej’" have greater difficulty 
in destrojdng the bacilli once thej”" have gained entrance to the blood stream. 
In either event it seems logical that indiidduals with progressive primarj’' tuber- 
culosis would tend to develop extrapulmonaiy metastases, f.e., renal, bone, 
meningeal, et cetera, much more often than indii’iduals mth reinfection tuber- 
culosis. This should receive due consideration in the management of young 
adults vdth tuberculosis, for it is in this age group that primary disease appears 
to be predominant. 

In the various papers of Terplan (4) there are 87 well documented cases of 
reinfection tuberculosis with 85 per cent of the individuals over 40 j’ears of age, 
and 31 cases of recent (caseous) primary lesions with 68 per cent less than 40 
years of age. It is uncertain whether all of these cases would conform to the 
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criteria used in tliis paper for minimal pulmonary tuberculosis. Considering 
tbe difference in the source of material and in locale, there is a significant similar- 
ity between Terplan’s and the present observations. 

The difference in pattern of pulmonaiy tuberculosis in the child and in the 
adult has led to the use of the term of “adult type” of tuberculosis and it is 
generally thought that the difference is due to reinfection. The basis for this 
concept is that: (a) a high proportion of adults in large urban areas react to 
tuberculin, and (6) in the majority of necropsies on adults, calcific tuberculous 
foci may be found in the lungs. The clinical studies of Amberson and Riggins 
(17), of Badger, ct al. (18), of Malmros and Hedvall (19), and others have re- 
vealed roentgenographic e^^dence of minimal pulmonary tuberculosis more 
often in pereons who recentl}' became reactors to tuberculin than in those who 
had been loiown to be reactors for some time. In these persons the disease 
develops in the area of lung tissue in which only reinfection disease is supposed 
to develop. Homburg (20) quotes XJehlinger to the effect that, in 72 necropsies 
on Swiss soldiers who died from tuberculosis in 1939-1941, 60 had the character- 
istics of primary disease. The data presented in this paper show that minimal 
pulmonaiy tuberculosis in young adults is largely a primary disease. The 
writer agrees with jMalmros (21) that “the frequently emploj'ed terms ‘rein- 
fection’ and ‘reinfection tjqie’ are misleading,” insofar as they are applicable to a 
clinical interpretation. Reinfection disease is a reality that ascends with in- 
crease in age of a population. There is sound ground in pathology for the terms 
primaiy and reinfection types, but it is not possible to differentiate the two 
conditions from the location or characteristics of roentgenograpliic shadows. 

It is much more difficult to discover evidence of tuberculosis in lymph nodes 
in adults than in cliildren. Meticulous examination of Ijmph nodes at necropsy 
on adults is arduous, but it is mandatory if precise information is to be obtained. 
AH lymph nodes draining the pulmonary parenchyma and the ileum, caecum 
and ascending colon must be examined, for in a high percentage of cases they will 
contain whatever evidence of tuberculosis there may be in these structures. 
It was not uncommon in the examination of the series of necropsies on which 
this paper is based to find a single lymph node of normal size and normal texture 
on palpation that contained a single focus of caseation or of calcification two 
millimeters or less in diameter. 

General Considerations 

All persons who come under the jurisdiction of the Office of the Medical 
Examiner of the Borough of Manhattan, and on whom necropsies are performed, 
are sent to the morgue at Bellevue Hospital where postmortem examinations 
are conducted on all individuals who died from violence or under obscure cir- 
cumstances. These persons are from all parts of the borough, various economic 
levels, different races, all ages and both sexes, and represent a small but represent- 
ative cross section of the population. This was the source from which the data 
presented in this paper were collected. In the study the only selectivity exercised 
was the rejection of individuals who had extensive pulmonary disease, other 
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than tuberculosis, with a loss of less than 5 per cent for this reason. The only 
limiting factor in the number of indmduals examined was that a thorough search 
was made in each case for evidence of tuberculous infection, and as a result only 
about one-third of the persons could be investigated. 

The data presented are factual and concern the problem of the epidemiologj’’ 
and the control of tuberculosis in a congested urban area. Pulmonarj’’ tuber- 
culosis of minimal extent was found in 7.8 per cent of adults over 20 years of 
age, vdth an incidence of 4.7 per cent between the ages of 20 to 29 years and 9.9 
per cent in persons over 60 years of age. Lesions in different phases of develop- 
ment were present in all age groups and were in an xmhealed state in 86.5 per 
cent of the cases. The lesions represented primar}' disease twice as often in the 
Negro as in the white race and reinfection disease three times as often in the 
Avhite as in the Negro race, with the white male surpassing the wliite female 3 
to 1. The miter believes that primary tuberculosis causes death much more 
often in the Negro than in the wdiite adult, and that one reason why progressive 
reinfection tuberculosis predominates in the white male in contrast to the wliite 
female over 40 years of age is because his mode of life favors a more frequent 
exposure to infection. 

The importance placed upon mass roentgenographic surveys of the chest 
reflects the urge to discover tuberculous disease earl 3 L In this connection, 
familiarity with the distribution pattern of the lesions of minimal puhnonarj” 
tuberculosis, as w'ell as the pathologic significance of roentgenographic shadoivs 
in the upper third of the lung field, is important. In this part of the chest small 
parench 5 mial lesions not infrequentlj’’ are located in such a position that the 
heavy structures of the shoulder girdle and the spinal muscles render their 
demonstration difficult. Tliis can be appreciated from a study of figures 3 and 4. 

The disposal of the cases of minimal pulmonarj" tuberculosis found in mass 
sun’'e 3 ’^s presents a problem of major importance. Hilleboe (22) has suggested 
that cases of this tjTie need not be placed under hospital supervision unless 
tubercle bacilli have been demonstrated in sputum or gastric contents, a pro- 
cedure that requires raanj'' laboratorj-- tests in a majority of cases. This is the 
view of the epidemiologist and of manj’^ private pfij’^sicians interested in mass 
surveys in which a majority of the cases discovered have lesions of minimal 
extent and in wliich a major problem is the disposal of these cases. Amberson 
(23) takes issue with tliis view and recommends that adults, especially if thej’’ 
are young, with disease of minimal extent be given the benefit of careful hospital 
supervision, Tliis is the view of the clinician with wide experience in the treat- 
ment of tuberculous patients. The data presented in this paper favor Amber- 
son rather than Hilleboe. Tuberculosis is predominate^ a primary disease in 
jmung adults and extrapulmonarj' lesions are more likely to develop than if it 
were a reinfection disease. Tuberculous lesions of minimal extent persist in an 
imhealed state for a long time even when the individual is clinicalty well and in 
no need of hospital care. All persons with persistent roentgenograpliic shadows 
in the upper lung field should have roentgenograms taken periodically regardless 
of their clinical status or the extent and character of the shadows. An e.xpert 
roentgenologist, from his own experience, may decide whether an individual is 
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in need of immediate hospital supervision but he cannot render an accurate 
diagnosis of “healed”, “obsolete” or “of no clinical significance” in any given 
patient. 

Pinner (24) observes “that the pathogenesis of tuberculosis is a problem that 
can never be solved by the pathologist or the experimentalist alone; but only 
by the careful integration of pathological, experimental, clinico-roentgenological 
and epidemiological methods.” The writer agrees with the second part of the 
statement but would reword the first part by replacing “the pathologist or the 
experimentalist” with “the epidemiologist or the clinician.” The reason for 
this rewording is that in this country tuberculin, statistical, and mass roentgeno- 
graphic surveys, as well as extensive clinical experience, have received far greater 
attention, encouragement and support than have careful, well-documented 
studies of available necropsy material and of animal experimentation. There 
is a quite prevalent attitude that what is observed in an animal cannot be ap- 
plied to man and that what is observed at necropsy concerns little the problems 
of the living. This attitude hardly seems justified. 

In another place Pinner (24) states that “necropsy findings in persons who 
never developed progressive tuberculosis may not be the proper material for 
studies on the pathogenesis of clinical tuberculosis.” Clinical tuberculosis, the 
treatment of those who are ill from tuberculosis, has its roots in pathology, and 
it is unfortimate that the subclinical lesions, not infrequently encoimtered at 
necropsy on persons dead from causes other than tuberculosis, have received 
such scant attention. In this country few pathologists have a special interest 
in tuberculosis and still fewer realize the confused thought relative to the patho- 
genesis of the disease. There is a wealth of information that could become 
available from routine necropsy services if time and care were used to docu- 
ment carefully all discoverable evidence of tuberculous infection. This will 
not be done unless the epidemiologist, the statistician, and the clinician help to 
create a real interest in and avail themselves of such recordings. In this country 
it is rare to find such well-documented observations on tuberculosis, observed 
in persons dead from causes other than tuberculosis, as the reports of Terplan 
(4), a former pupil of Ghon. It is not be be anticipated that the observations on 
routine necropsies in one part of the country should apply to the country as a 
whole; nor should the necropsy data from older civilizations, such as those in 
Europe, be applied uncritically to the problem of tuberculosis in the United 
States. In this respect the writer agrees with Pinner (24) that “Tuberculosis 
changes with time and place. For this reason, every country and possibly even 
smaller subdivisions must investigate their local epidemiological conditions; 
none can accept, without proof, the findings in some other regions.” 

The resurgence of interest in prophylactic vaccination against tuberculous 
infection through the use of BCG is due, in large part, to an appreciation that 
progressive tuberculosis in young adults often is a primary disease. It is es- 
sential that all useful procedures be employed to combat the disease. In the 
use of prophylactic vaccination, however, great care must be exercised to avoid 
the concept that the procedure will afford a quick and easy solution to the prob- 
lem. In this connection it is paramount that the pathogenesis of tuberculosis as a 
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whole be kept in mind at all times. It has long been Imown, from animal ex- 
periments, that prophylactic vaccination vlth BCG increases the resistance 
to tuberculous infection and it is also well known that a natural vaccination 
in man fails to give complete protection against a subsequent tuberculous 
infection. Clinical studies have shown that onlj’’ a small percentage of jnimg 
adults wdio acquire a primarj’’ infection develop a progressive disease and the 
data presented in this paper indicate that progressive disease in older adults 
occurs in large part in persons who have completely healed a pre\dous infection. 
There are many more deaths from reinfection than from primaiy tuberculosis 
and, in addition, there are many more old than young adults w^ho harbor lesions 
from which tubercle bacilli may be scattered in the air. Even under the most 
favorable circumstances a single proph 3 dactic vaccination in 3 ’-outh logicall 3 ’' 
would fail to solve the problem in the older persons in a population. The vac- 
cination of a whole population from time to time might mitigate the problem, 
but there is reason to believe that such a procedure would not lead to an eradi- 
cation of the disease. The best procedure would be to protect the 3 ’-outh from 
ever becoming infected, and to accomplish this end it is paramount that a 
permanent solution be found for complete control of tuberculosis in persons 
beyond the age of 40 years. 


STOUUKT 

1. An analysis is presented of 96 persons with minimal puhnonar 3 ’’ tuberculosis, 
obtained from necropsy of 1,225 cases of sudden and unexpected death. 

2. The disease represented a primary infection in 42.7 per cent and a reinfec- 
tion in 57.3 per cent. 

3. Primary disease w'as 2.7 times more common in persons less than 40 than 
in those over 40 3 ’-ears of age. 

4. Reinfection disease ivas 10 times more common m persons over 40 than in 
those less than 40 years of age. 

5. Of 23 persons less than 40 years of age, the minimal disease was primal^’’ 
in 91 per cent. 

6. Of 73 persons over 40 years of age, the minimal disease was a reinfection 
in 72.6 per cent. 

7. ]\Iacroscopic evidence of tuberculous lesions in one or more abdominal 
viscera was found 7 times more often in the primary than in the reinfection 
group. This suggests that extrapulmonar 3 ’' tuberculosis ma 3 ’' be expected more 
often in persons with primary than with reinfection disease. Tliis possibility 
should be carefully considered w^hen the medical regimen for a patient is under 
consideration. 

8. The pattern of distribution and the pathologic characteristics of the disease 
are similar for both primar 3 '’ and reinfection minimal disease. Tliis indicates 
that it is not possible from roentgenograpliic shadows to differentiate between 
the two conditions. 

9. "When considered on the basis of pathogenesis, primar}’’ and reinfection 
progressive disease are realities. They present major problems in different 
age groups of a population, although there is an overlapping to a certain degree. 
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10. In the group of 96 persons analyzed, only 13 (13.8 per cent) presented a 
completcl}’- healed disease. Complete healing was found in only 7.9 per cent 
of the foci in upper portions of pulmonary lobes, whereas 42.8 per cent of the 
lesions in the lower half of the pulraonaiy lobes were healed. 

11. Shadows caused by tuberculous lesions in the upper lung fields should not 
be interpreted as “healed” if there are scattered small calcific densities, for the 
majorit}’’ of such lesions also contain unorganized necrotic (caseous) areas of 
tuberculous pneumonia. 

12. ]\Iorc thorough investigations of routine necropsy material relative to the 
pathogenesis of tuberculosis are needed. A program of this type deserves sup- 
port and encouragement from epidemiologists, statisticians, pathologists, and 
clinicians alike. 

smtAiuo 

La Paiogenia dc la Tvba-culosts Ptilmonar Minima 

1. Este analisis abarca 96 casos de tuberculosis pulmonar minima, tornados 
de las autopsias de 1,225 casos de muerte subita e inesperada. 

2. La enfeiTOcdad representd infeccidn primaria en 42.7 por ciento y reinfec- 
ci(5n en 57.3 por ciento. 

3. La afcccidn primaria fud 2.7 voces mds frecuente en las personas de menos 
de 40 aiios que en las de mds de 40 auos de edad. 

4. La enfcmiedad tipo reinfcccidn fud 10 veces mds frecuente en las personas 
de mds de 40 auos que en las de menos de 40 auos de edad. 

5. Entre 23 personas de menos de 40 auos, la tuberculosis minima fud primaria 
en 91 por ciento. 

6. Entre 73 personas de mds de 40 anos, la tuberculosis minima fud de tipo 
reinfeccidn en 72.G por ciento. 

7. Los signos macrosedpicos de lesiones tuberculoses en una o mds visceras 
abdominales fueron 7 veces mds frecuentes en el grupo primario que en el de 
reinfeccidn, lo cual sugiero que cabe esperar tuberculosis extrapulmonar mds a 
menudo en los enfermos de tipo primario que en los de tipo reinfeccidn. Esta 
posibilidad debe recibir cuidadosa atencidn al estudiar el rdgimen mddico para 
un enfermo. 

8. El molde de distribucidn y las caracterlsticas patoldgicas son semejantes en 
la enfermedad minima tanto tipo primario como reinfeccidn, lo cual indica que 
no es posible diferenciar los dos estados por las sombras radiogrdficas. 

9. Considerados a base de la patogenia, los lipos primario y reinfeccidn de la 
enfermedad evolutiva constituyen realidades, planteando problemas de primera 
magnitud en diversos grupos etarios de la poblacidn, aunque se sobreponen hasta 
cierto punto. 

10. En el grupo de 96 personas analizadas, sdlo 13 (13.8 por ciento) presenta- 
ban enferemedad completamente curada. Sdlo se encontrd cicatrizacidn com- 
pleta en 7.9 por ciento de los focos de las porciones superiores de los Idbulos 
puhnonares, comparado con 42.8 por ciento en las lesiones de la mitad inferior 
de los Idbulos. 

11. No deben interpretarse como “cicatrizadas” las sombras ocasionadas por 
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lesiones tuberculosas en los campos pulmonares superiores si hay pequefias 
oalcificaciones espesas esparcidas, pues la mayorla de esas lesiones tainbi4n 
contienen zonas necrosadas (caseosas) no organizadas de nevanonis, tuberculosa. 

12. Necesitanse investigaciones mas minuciosas del material autdpsico co- 
rriente en relacidn con la patogenia de la tuberculosis. TJna obra de esta indole 
merece apoyo y aliento de parte por igual de los epidemidlogos, estadisticos, 
patdiogos y clinicos. 

PLATE I (Figures 1 to 10) 

The photomicrographs represent the actual size of a crosssection of each minimal lesion 
and each lesion is no larger in any dimension than the section shown. 

Fig. 1. (Negro female, age 35 years). Acute alcoholic death. Primary lesion. 

This individual had three separate primary foci with the lymph nodes draining each 
focus showing considerable necrotic tuberculosis. These lesions are listed as caseous in the 
tables as there was no evidence of organization. There were several 2 to 3 mm. necrotic 
tuberculous foci in the spleen, liver, kidneys and adrenals. 

A. This lesion was infraclavicular, dorsal and lateral in position in the left upper lobe. 
The central necrotic core was soft and hemorrhagic. Endobronchial metastases occupied 
a lobule of the lung distal to the necrotic core and smaller foci were present in the lung 
parenchjuna outside of this area. No adhesions were present. 

B. This lesion was dorsal in position in the apex of the left lower lobe and was nearer the 
mesial than the lateral surface. This location would place the focus in the hilar region in a 
postero-anterior roentgenogram of the chest. The lesion was soft and caseous and small 
bronchogenic metastases were present in the adjacent lung parenchyma. No adhesions 
were present. 

C. This lesion was in the right upper lobe 2 cm. from the c.xlrcme apex, lateral and about 
midway between the dorsal and ventral surfaces. It was located in a region that is difficult 
to visualize in a postero-anterior roentgenogram. The lesion is similar to B. Small 
endobronchial metastases were present at the extreme apex of the lobe. 

Fig. 2. (Colored male, age 18 years). Homicidal death. Primary lesion. 

The section is through the hilar region of the right upper lobe and there is a 5 mm. caseous 
lesion 1 cm. beneath the mesial pleura with a few small endobroncliial metastases in the 
adjacent lung parenchyma. The lymph nodes present in the section of tissue were not 
enlarged and were normal on palpation . Section showed a number of separate small c.aseous 
tuberculous foci in three b’mph nodes. It required a thorough search to locate the paren- 
chyma! focus because of its unusual location. That a parenchymal lesion was probably 
present was suggested when the lesions in the lymph nodes were discovered. The paren- 
chymal and lymph node lesions represent a primary complex. This individual was not 
included in the group discussed in this paper because of the small size of the lesion and 
because it would probably not be detectable in a roentgenogram on account of its location. 
Lesions of this character, usually smaller in size, that were located in areas similar to those 
in persons included in the studj- were observed in a number of individuals but none of them 
were included in the studj*. 

Fig. 3. (TiTiite male, age 45 years). Traumatic death. Reinfection lesion. 

The lesion was located in a dorsolateral and infraclavicular area of the left upper lobe. 
The supraclaricular area of both lungs was free from lesions. The largo caseous focus was 
rather soft and partly liquefied with a small fibrotic capsule. The surrounding endobron- 
chial metastases varied considerably in appearance. Some were caseous while others were 
“classical” tubercles. No pleural adhesions were present. The healed primarj' complex 
was in the right lower lobe. This lesion is classed as fibro-caseous in the tables. 

Fig. 4. (White male, age 55 years). Traumatic death. Reinfection lesion. 

The lesion was present in the right upper lobe in a dorsolateral position appro.ximatoly 3 
cm. from the extreme apex. A few cobweb adhesions were present over a small arcs. A 
4 mm. cavity that was partly filled with frank pus was located 1 cm. beneath the pleura. 
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There were a number of endobronchial metastases present and no evidence of organization 
of the lesion was found. One healed primary complex was found in the right middle lobe 
and another in the left lower lobe. The lesion is listed as caseous in the tables. 

Fig. 5. (White male, age 50 j'ears). Traumatic death. Reinfection lesion. 

A. This lesion involved the apex of the left upper lobe in its dorsal and lateral aspect. 
A cavity less than 1 cm. in diameter was present just beneath the pleura and a vciy few 
fragile adhesions were present over it. The surrounding endobronchial metastases varied 
in size and for the most part were caseous. No evidence of fibrotic organization was found. 
The cavit}^ contained a small amount of purulent debris and its wall was made up entirely 
of necrotic material and inflammatory exudate. 

B. This lesion was in the dorsolateral area of the right upper lobe approximately 3 cm. 
below the extreme apex. The lesion was soft, necrotic and intensely congested in the 
peripherj'. Although the focus extended directly to the pleura, there were no adhesions. 
Because of the excavation in the opposite lung, this lesion is regarded as an endobronchial 
metastasis. 

There were no apical scars. The healed primary complex was present in the right middle 
lobe. The lesions are listed as caseous in the tables. 

Fig. G. (White male, age 72 years). Traumatic death. Primaiy lesion. 

The lesion was in the dorsal part of the apex of the left upper lobe with this part of the 
lung firmly adherent to the chest wall. There were considerable dense fibrous tissue and 
linear fibrotic lesions in the lung tissue. A 4 mm. dense calcific focus was present. The 
only inflammatory reaction present was small collections of lymphocytes in the scarred 
areas. The Ijmiph nodes draining this area of lungshowed a number of small dense calcified 
foci and some fibrosis. This is the only evidence of tuberculosis found in this individual. 
The lesion is listed as fibro-calcific in the tables. 

Fig. 7. GVhite male, age 66 years). Death due to coronary occlusion. Reinfection 

lesion. 

This lesion was present in the right upper lobe in an infra-clavicular dorsolateral loca- 
tion. There were fibrotic, fibrocalcific, fibrocaseous and caseous foci present in the lesion. 
There were no pleural adhesions. Typical bilater.al apical scars were present but no micro- 
scopical evidence of tuberculosis was found in them. They were disassociated completely 
from the tuberculous lesion. The healed primary complex was found in the left upper lobe. 
The reinfection lesion is listed as fibro-casco-calcific in the tables. 

Fig. S. (White male, age 36 j'eai-s). Traumatic death. Primary lesion. 

The lesion was present in the right upper lobe at midclavicular level near the ventral 
surface of the lobe. A small cavity was present in the soft necrotic focus that me.asurcd 1 
cm. in diameter. A number of small endobronchial metastases wore present . There were 
no adhesions. The lymph nodes draining the area showed several 1 to2mm. necrotic tuber- 
culous foci. The lesion is listed as c.aseous in the tables. 

Fig. 9. (Negro male, age 35 years). Death resulted from sickle cell anemia and 
c.ardiac hypertrophy and dilatation. Primary lesion. 

The lesion was present in the left upper lobe in a dorsolateral infraelaviculur location. 

A soft caseous focus, S mm. in diameter, was partly excavated and the lung parenchyma 
distal to this lesion showed numerous endobronchial mct.astases. There were no jflcural 
adhesions and no evidence of fibrotic organization w.as found in the lesion. The lymph 
nodes draining this portion of the lung were not enlarged and on section showed a number of 
small necrotic tuberculous foci. The lesion is registered .as caseous in the tables. 

Fig, 10. (White male, age 66 years). Traumatic death. Reinfection Ic.sion. 

The lesion was located in a dorsal position approximately 1 cm. liclow the extreme apex 
of the left upper lobe. There were no pleural adhc.sions. There were fibrotic, fdiro-calcific, 
fibrocaseous and caseous foci in the !c.sion. The large lesion present in the illu.stralion wa.s 
so densely calcific that most of the material had to be removed before a section of the tis.suc 
could be obt.aincd. There was no definite cavity found in the lesion. The healed primary 
complex w.as located in the left lower lobe. The lesion is registered .as fibro-c.asco-calcific 
in the tables. 
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MUnMAL PULMONARY TUBERCULOSIS^ 

Its Significance in Relation to the Age of the Patient 
ROBERT CHANG 

INTRODUCTION 

With the ever increasing utilization of mass and routine chest roentgenography 
in industries, schools, hospitals, and communities, many more cases of minimal 
puhnonary tuberculosis have been detected in recent years. While in certain 
cases the roentgenographic appearance of the lesion permits the diagnosis of 
active disease, in a considerable proportion, however, such a diagnosis can only 
be made after prolonged observation. The decision as to which patients should 
be sent to a sanatorimn for obseiwation at the time of the initial diagnosis has 
alwaj’-s been a difBcult one. In the past, many cases of minimal pulmonarj’- tu- 
berculosis have been sent to sanatoriums and discharged as inactive from four to 
six months later. Others, in contrast, were not hospitalized imtil the lesion 
showed evidence of progression. The relation between the potentialities of a 
minimal lesion and the age of the patient has alwaj’s been impressive in the 
writer’s experience. The purpose of this article is to study such relationship from 
different aspects. 

OBSERVATIONS 

The present study is based on 164 minimal cases admitted to the Rutland 
State Sanatorium between 1938 and 1945, inclusive. Patients leaving the sana- 
torium against adAUce are excluded. Except for a few cases in which prolonged 
postsanatorium observation was deemed unnecessary, all the discharged patients 
have been followed for a minimal period of two j'ears. The 164 patients are 
divided arbitrarily, according to their ages, into three groups; those below twent}”-- 
five years of age; those from twenty-five to thh-ty-eight inclusive; and those 
above thirty-eight. 

In this study, a lesion was called active when there were demonstrable changes 
in serial roentgenograms, or when the sputum was positive for tubercle bacilli, 
or both. It was considered progressive when there was roentgenographic evi- 
dence of progression during the period of sanatorium residence. The sputum 
was termed negative onlj’- after failure to demonstrate tubercle bacilli on at least 
ten cultures of sputum and three guinea pig inoculations of gastric wasliings. 

Race and Sex 

There is onl}^ one Negro patient in the series. Table 1 demonstrates the pre- 
ponderance of females in the younger patients. 

* From the Rutland State Sanatorium, Department of Public Health, Commonwealth 
of jMassachusetts. 
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Character of Lesions 

In this stndj’’ an attempt was made to place all the minimal lesions in^^three 
pathological categories: the recent infiltrates; the old fibroid "minimal”; and the 
mixed, which includes all lesions that could not be placed in the former two 
categories. There were twentj’^ recent infiltrates in the series, of which 12 were 
found in patients below twenty-five, 8 in patients between twenty-six and thirty- 
eight, and none in patients above thirt 3 ’--eight. There were 103 cases with 
lesions classified as mixed. These constituted 62.7 per cent of all lesions in the 
series, 74.7 per cent of all lesions found in patients below twenty-five, 65 per cent 
of those between twenty-six and thirty-eight, and 41.4 per cent of those above 
thirty-eight. Of 41 cases of fibroid “minimal,” 24 were in patients above thirty- 
eight, making up 5S.6 per cent of all lesions found in that group of patients. Only 
four cases of fibroid "minimal” were found in those below twenty-five (table 2). 


TABLE 1 

Number of male and female palicnts in different age groups 


sr.x 

Acn 

Below 2S 

25 to 53 

Above 33 

Mnlo 

21 

31 

22 

rcmalc 

42 

29 

19 



TABLE 2 

Number of different lijpcs of lesions in different age groups 



1 

ur.tow 25 j 

25 TO 58 

AnoTC 58 

Early infiltrates 

12 

8 

0 

Mixed 

47 

39 i 

17 

Fibroid “minimal” 

4 i 

1 

13 

24 


It appears safe to conclude that the carty infiltrates are chieflj’’ found in young 
patients; that fibroid "minimal,” though not uncommon in yoimg patients, con- 
stitutes a large portion of lesions found in the older patients; and that the major- 
ity of the latter patients have had tuberculosis long before the time of detection. 

Bacteriological Study of Sputum 

In the series of 119 chnically active cases, 21.8 per cent were positive for tu- 
bercle bacilli on smears, 47.9 per cent on cultures only, and 21 per cent on guinea 
pig inoculations alone. Nine and three tenths per cent were found negative for 
tubercle bacilli by all available methods. It is interesting to note that the 
roentgenographic appearance of all the clinically active cases with “negative 
sputum” belonged to the apparently e.xudative and rapidly resolving type. 
They were diagnosed in the past as pulmonary tuberculosis because of the charac- 
ter and location of the lesions, though the true tuberculous nature of such cases 
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is often questioned nowada 5 ’’s. Three of them were known contact cases and 
their lesions were definitely incipient as proved by roentgenograms at regular 
intervals. Twenty of the 25 cases with stable lesions and sputum positive for 
tubercle bacilli were patients older than thirt 3 ’’-eight. 

Abeles and Pinner (1) were able to demonstrate tubercle bacilli in S9.5 per cent 
of their series of accidentally discovered and clinically active tuberculosis by using 
smears, concentrations, and cultures of sputum and gastric contents. In the 
present study, using guinea pig inoculations, the figure for “positive sputum” in 
the clinicall}’' active minimal cases is 90.7 per cent. In contrast. Decker, Ord- 
way, and Medlar (2), using all the available methods, demonstrated tubercle 
baciUi in onlj’- 69 per cent of their clmicaUy active minimal cases. It appears 
that such a difference in the percentages of “positive” cases is due to the differ- 
ence in the thoroughness and the persistence with which the search for the tuber- 
cle baciUi is made. A part of the difference maj’- be a result of differences in the 
interpretation of the primaiy diagnostic films. 

Bhod Examination 

The Rourke and Emstene method for determining the erjdhrocjde sedimenta- 
tion rate has been used e.vclusively in this sanatorium. Anj’^ value above 0.50 
mm. per minute, after correction for hematocrit, is considered elevated. In the 
differential study of polsonorphonuclear leucocytes, if the ratio betw'een the per- 
centages of band and segmented forms is bigger than one to sixteen, it is con- 
sidered as an eAudence of “sliift to the left.” 

In table 3 may be seen the unreliabilit}’’ of the blood sedimentation rate as an 
index of activity in minimal tuberculosis. The percentages of active and inac- 
tiv'e cases with elevated and normal sedimentation rates are approximatelj’' the 
same. 

Likewise, as maj^ be seen in table 4, “shift to tlie left” on differential study of 
the poljmorphonuclear leucocjdes cannot be relied upon for the study of the 
activitj' of a minimal lesion. 

Abeles and Pinner (1), in their studj- of 91 cases of accidentallj’- discovered 
tuberculosis, found that the erjihrocyte sedimentation rates wore elevated in 
62.8 per cent, and the total leucocyte counts were abov-e normal in 43 per cent. 
Bobrowitz, Hurst, and Martin (3) found no apparent relation between sedimen- 
tation rates, total leucoevie counts, and incidence of progression. 

Symptomatology 

In the present series, the most common complaints were fatigue (42.G per cent) 
and cough (35.4 per cent). Hemoptj'sis or blood-streaking prior to admission 
was reported in 18.3 per cent of the cases, onc-third of whom were found to be 
inactiv’C. Seven of tlie 9 cases of hemoptj'sis, with inactiv'e lesions, were older 
than thirty-eight. More than half of the incipient cases denied symptoms at any 
time. In the group of patients with no svmptoms, the lesions of all the 9 pa- 
tients older than thirty-eight prov'ed to be inactiv'e, while only 3 of the 23 
patients v'ounger than twenty-five were inactive. In the group of patients with 
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sjTnptoms, the lesions of 20 of the 32 patients older than thirty-eight, and 36 
of the 40 patients younger than twenty-five, were active. 

Thus it appears that, in the older patients, the presence of symptoms is of 
lesser importance in deciding the activity of a lesion, wliile their absence strongly 
suggests inactivity. Conversely, any symptom of the younger patients should 
be carefully evaluated, and the absence of symptoms should never be considered 
as evidence of inactivity. 


TABLE 3 


Percentages of normal arid elevated erythrocyte sedimentation rates in active and inactive cases 



ELEVATED SEDIMENTATION 
SATE 

NORMAL SEDIMENTATION 

RATE 


per cent 

per cent 

Active cases 

47.1 

52.9 

Inactive cases 

48.9 

51.1 


TABLE 4 


Percentages of normal and abnormal ratio between band and segmented forms of polymorpho- 
nuclear leucocytes in active and inactive cases 



ABNORMAL RATIO BETWEEN 
BAND AND SEGMENTED TORMS 

NORMAL RATIO BETWEEN 
BAND AND SEGMENTED TORMS 


per cent 

per cent 

Active cases 

42 

58 

Inactive cases 

22.2 

77.8 



TABLE 5 


Number and percentages of active cases in different age groups 



1 

BELOW 25 

25 10 38 

ABOVE 38 

Total number of patients 

63 

60 

41 

Number of active cases 

56 

43 

20 

Percentages of active cases 

88.9 

71.7 

48.8 


Activity of Lesions 

The number of active cases found in the three age groups (table 5) reveals a 
much higher percentage of activity in the younger patients. Fifty-one per cent 
of the lesions discovered in patients older than thirty-eight were inactive. Prob- 
ably the percentage of inactive cases in general surveys is even higher than these 
values, as the present study is concerned with a group of patients referred for 
observation and treatment. 

Incidence of Progression 

In table 6 are presented the subsequent course of the active lesions found in 
different age groups. As expected, regardless of their character, lesions in the 
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younger patients hare a much higher rate of progression than those in the older 
group. Bobromtz, Hurst, and Martin (3) found that productive-fibrotic and 
fibro-calcific lesions had as high a progression rate as e-xudative and e.xudative- 
productive lesions in patients under twenty-five, and they concluded that the 
age was the most significant factor relating to the outcome of minimal lesions. 
This is in accordance with the e.xperience in this study. 

Treatment 

The average length of sanatorium residence was 482 dajns for patients below 
twenty-five, 2S3 days for those between twenty-six and thirty-eight, and 263 
days for those above thirty-eight. The percentage of patients receiving pneiuno- 
thorax treatment was 60.7 per cent in patients below twenty-five, 44.2 per cent 

TABLE 6 

Number and percentages of progressive, regressive, and stable lesions in different age groups 


ACS 


lESlOKS 

Below 25 

25 to 3S 

Above 3S 


Number 
of cases 1 

Per cent i 

1 

Number 
of cases 

Per cent 

Number 
of cases 

Per cent 

Progressive i 

27 

48.2 

17 

39.5 

1 1 

5 

Regressive 

13 , 

23.2 

15 

34.9 

5 

25 

Stable 

G j 

10.7 

5 

ll.C 

14 

70 

No observation* 

10 

I ' 

17.9 

6 

14 

0 

1 — 


* Represents those cases in which pnoumotboraccs were induced immediately after 
sputum was found positive, without a period of observation. 


in those between twenty-six and thirt 3 ’'-eight, and none in those above thirty- 
eight. 

There were two deaths resulting from progressive tuberculosis in the whole 
series. The other 162 patients were discharged as apparently arrested or quies- 
cent. Further hospitalization was not insisted upon for those intelligent pa- 
tients with favorable socio-economic conditions when their clinical status reached 
the stage of quiescence. They were allowed to go home and be followed regu- 
larly outside. Tliere were 17 reactivations among the 1 19 clinically active cases, 
with no appreciable difference between those discharged as apparently arrested 
or quiescent. There were no reactivations among the 45 cases considered inac- 
tive. The percentages of reactivation in different age groups show no significant 
difference. 

niscussioN 

The importance of determining the potentialities of a minimal lesion is obvious. 
Serial roentgenograms and intensive bacteriological study are, perhaps, the only 
reliable criteria and both of these require a relatively long period to bo of any 
conclusive value. During that period the question of management necessarily 
arises. Uliile the sanatorium is undoubtedly the most idea! place for such ob- 
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Ecrvation, the socio-economic loss to the patient when kept in a sanatorium 
cannot be neglected. To send all the patients with minimal lesions to sana- 
toriums would mean unncccssaiy hospitalization. Conversely, to advise sana- 
torium treatment only when there is evidence of progress of the disease would 
mean losing good opportunities for arrcisting the disease. 

Cases with definite recent infiltrates, with sputum positive for tubercle bacilli 
on the first few initial examinations and with definite significant S3Tnptoms, con- 
stitute only a small percentage of all minimal pulmonary tuberculosis. The 
status of the others remains questionable. 

Of the lG-1 patients, 45 proved to be inactive. Twenty-five of the remaining 
119 active eases had serial roentgenograms compatible with arrested tuberculosis, 
but were designated as active because of one or two cultures or guinea pig inocu- 
lations positive for tubercle bacilli. The significance of such findings is still dis- 
putable as far as sanatorium treatment is concerned, except in the jmunger pa- 
tients. It ma}’ be stated again that SO per cent of those 25 cases were in the 
group of patients older than thirty-eight. Thus, 42.7 per cent of the patients in 
the series were kept in the sanatorium for an average period of four to six months 
just to be told that their lesions were inactive. Had their lesions not been 
discovered on routine examination, thej’’ would have carried on their work and 
actunties normallj'. Six months of unncccssarj’’ sanatorium residence means not 
only loss to the patient, but also the unncccssarj’ occupation of sanatorium beds. 
In this studj’, the age of the patient appeared to be of great significance in the 
outcome of a minimal lesion. In those below twenty-five, 88.9 per cent were 
active and 48.2 per cent of the active cases were progressive, while in those above 
thirty-eight, only 4S.S per cent were active and 5 per cent of the active cases were 
progressive. Perhaps it is justifiable to insist on immediate hospitalization of 
the younger patients. For the older ones, however, especially if their socio- 
economic conditions are favorable and if they are willing to restrict their activi- 
ties, it is better to obsen-e them regularty at an outpatient clinic until there is 
definite evidence of progression. 

Determining the nature and character of minimal roentgenograpliic lesions 
remains a difficult problem wliich cannot be solved quicldy. A period of obser- 
vation is always necessa^ 3 ^ This period should be spent preferably in the sana- 
torium by the ^munger patient. It seems safe, however, to follow the older ones 
in the community, thus saAong them considerable inconvenience and financial 
loss. 


SmiMART 

A retrospective study of 164 minimal pulmonary tuberculosis cases is reported. 
Its significance in relation to age is emphasized. 

The number of active and progressive cases is much higher in the younger than 
in the older patients. In the group of younger patients, treatment was more 
prolonged and a much higher percentage of them required collapse therapy. 

Tubercle bacilli were demonstrable in 90.7 per cent of all the clinically active 
cases. 
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Studj'^ of the constituents of the blood is of little value in determining the 
actmty of a tuberculous lesion. 

SjTnptoms, "when present, should be carefull}* evaluated, especiallj’- in the 
younger patients. 

It is believed that all jmunger patients v'ith minimal pulmonar}’’ lesions should 
be kept in sanatoriums for observation, but that older patients, if under close 
observation, may be followed safely in the community, thus ob\'iating social 
inconvenience and financial strain. 


SUAEVRIO 

Ttibercitlosis Pubnonar Minima 

En este estudio retrospective de 164 cases de tuberculosis pulmonar minima, 
recdlcase la importancia de la edad. 

El miniero de cases actives y progresivos es mucho ma5mr en los enfermos mas 
jdvenes. En este grupo, el tratamiento fue tambidn mas prolongado y mucho 
mayor cl porcentaje que exigid la colapsoterapia. 

En 90.7 por ciento de todos los cases cllnicamenle actives descubridronse 
bacilos tuberculoses. 

El estudio de los elementos sangulneos revisle poco valor para determinar la 
actividad de la lesidn tuberculosa. 

Los slntomas, si los liaj’’, deben ser cuidadosamente justiprcciados, mdxime 
en los enfermos jdvenes. 

Oplnase que todos los enfermos jdvenes con lesiones pulmonares mlnimas deben 
ser mantenidos en sanatorios para observacidn, pero que los de cierta edad, si 
pueden ser vigilados de ccrca, pueden ser reintegrados a la colectividad, evitando 
as! incomodidades sociales y apuros econdmicos. 
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PHRENIC NERVE INTERRUPTION IN THE TREATMENT OF 
PULMONARY TUBERCULOSIS^ 

A Statistical Analysis of Results in 398 Patients at Trudeau Sanatorium from 
1925 through. November 1947 

ROGER S. MITCHELL* 

INTRODUCTION 

The question of the effectiveness of phrenic nerve interruption in the treatment 
of pulmonary tuberculosis has been debated for a number of years. Much en- 
thusiasm greeted the original introduction of phrenic nerve section for pulmonary 
tuberculosis by Stuertz (1) in 1911. Because of frequent failures to obtain last- 
ing and at times any hemidiaphragmatic paralysis, avulsion or exairesis was 
introduced independently b 3 ’’ Felix (2) and Goetze (3) in 1922. Paralysis was 
then usually complete and permanent, but serious operative complications be- 
came more numerous (4-13). 

The initial enthusiasm for the use of phrenic nerve interruption in extensive 
disease (14, 15, 16) gradually subsided. The introduction of temporary hemi- 
diaphragmatic paratysis by phrenic nerve crush in 1927 (17), however, plus its 
application to less extensive disease (18), seemed to have modified the procedure 
sufficiently so as to make it again widely acceptable. 

While this now well established t 3 'pe of phrenic nerve interruption has many 
proponents (19-25), there are others who feel that hemidiaphragmatic paralysis 
accomplishes little or nothing that an adequate sanatorium regimen cannot do 
(10, 11, 26, 27); that it is potentially dangerous (28, 29); and that it may not be 
an entirely sound physiological approach to the treatment of pulmonary tubercu- 
losis (12, 30, 31). 

It has been reported recently that hemidiaphragmatic paralysis, supplemented 
by pneumoperitoneum, may accomplish more than paralysis alone (32, 33) and 
that this combination is actually a form of collapse (34). 

Because phrenic nerve interruption has been frequently used at Trudeau 
Sanatorium for over twenty years, a thorough analysis of this material should 
help in answering the following questions: 

1. Is phrenic nerve interruption a useful form of treatment for pulmonary 
tuberculosis? 

2. If so, in what t 3 q)e of case is a satisfactory result most likely to be obtained? 

3. What are the early dangers and late sequelae of “temporary” phrenic nerve 
interruption? 

An attempt to answer the first two questions is made here. The third will be 
considered in subsequent publications (35). 

* From Trudeau Sanatorium and the Edward L. Trudeau Foundation. 

* Associate Medical Director, Trudeau Sanatorium, Trudeau, New York. 
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MATERIALS AND METHODS 

Since the first phrenic nerve interruption at Trudeau Sanatorium in 1925, there have 
been 398 patients subjected to this procedure up to November 30, 1947. Forty-five had 
the permanent tj'pe (exairesis) and 353 had temporary phreniclasis or neia^e crush. 
Thirty-six of the latter were combined with scaleniotomy during the period from 1932 to 
1936. This operation was then discontinued because its effectiveness was questioned. 

Eighteen of the 398 patients had their initial phrenic nerve interruption in Saranac 
Lake while awaiting admission to the Sanatorium. The operation was prescribed in each 
case by a member of the consultant staff and carried out, two montlis or less prior to 
admission, by one of the consultant staff surgeons.^ They are, therefore, included in this 
series. 

Twenty-four patients had routine recrushes following discharge, on wliich complete 
follow-up data were obtained. These are also included as part of this study. 

The clinical record of each patient was carefully re\dewed, with particular attention to 
reports of roentgenograms and fluoroscopic studies of diaplwagmatic function. The 
fluoroscopic studies were not routinely reported until after 1932. Consequently, evidence 
of hemidiaphragmatic paralysis in the early cases is unfortunately limited to obseia’ation 
of the position of the diaphragm on routine postero-anterior full inspiration roentgeno- 
grams. 

An effort was made to review all roentgenograms available in each case in order to 
determine the character, location, and extent of the disease in the lung under treatment 
and, if present, in the opposite lung. An adequate number of roentgenograms were 
available in over 90 per cent of cases studied. In the balance, the roentgenogram reports 
in the record were utilized as far as possible. In addition, the regular yearly follow-up 
record of each patient was supplemented by personal letters to patients, physicians and 
institutions wherever indicated. Thus, as complete information as possible was obtained 
in 97.5 per cent of cases tlirough late 1947. 

With the accumulated data from all sources, each case was classified in each of the 
following ways: 

1. N.T.A. classification before operation. 

2. Sex. 

3. Age of patient. 

4. Side of operation. 

5. Relative age of the disease in the lung under treatment, classified as: 

(a) Recent: Tliis classification was based on the duration and severity of sjmptoms, 
age of the patient and character of roentgen shadows, endeavoring to identify any 
predominantly fresh disease superimposed on old. 

(b) Old: Similar methods were used, looking in p.articular for evidence of advanced 
pulmonarj* contraction, calcified nodules and secondary emphysema. Tlic known 
duration of sjTnptoms, the elapsed time since the original diagnosis and the 
patient’s age were also considered. 

(c) Medium: Duration of disease which fell somewhere between recent and old. 

6. Dijnamic status of the disease to be traated, during the preoperative phase: 

(a) Improving: significant clearing and/or contraction of shadows .and/or cavity by 
roentgenogram; 

(b) Worse: significant increase in the area of lung involvement as seen in the roentgeno- 
gram; 

* Dr. Rdw.ard S. Welles, Dr. Warrincr Woodruff and Dr, Winfield O. Kelley. 
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(c) Same: no significant change in serial roentgenograms. The reappearance of a 
recently filled-in cavity, the slight enlargement of a cavity without increase in the 
area of disease, and very slight increases in infiltration were not classified as "worse” 
for the purposes of this study. 

7. Cavity walls: These were rated as thick (roughly over 4 mm.), medium (approxi- 
mately 3 to 4 mm.) and thin (1 to 2 mm.). 

8. Total average diameter of cavity or cavities in centimeters by roentgenogram. 

9. Location of cavity or disease under treatment: The lung was roughly divided into four 
gross parts: 

(a) Apical (to the first interspace anteriorly). 

(b) Infraclavicular. 

(c) Mid-lung (including apex of lower lobe). 

(d) Base. 

10. Character or intensity of the roentgen shadows of the disease, exclusive of cavity 
and its wall: 

(a) Heavy: very heavy mottled or uniform (pneumonic) densities. 

(b) Light: very light scattered infiltration. 

(c) Medium: midway between heavy and light. 

11. Presence or absence of visible level within a cavity. 

12. Endobronchial disease as demonstrated by bronchoscopic visualization. 

13. Disease in the contralateral lung: 

(a) Cavity present. 

(b) Roentgenologically active without cavity : fluffy or hazy densities and rapid change. 

(c) Inactive, extensive to limited: predominantly string-like shadows, retraction, 
absence of cavity, and stability on serial films. 

(d) Almost none or none. 

14. Maximum hemidiaphragmatic "rise,” or failure to descend, as measured on the 
routine, erect, full inspiration postero-anterior roentgenogram, and classified as follows: 

(a) Virtually none. 

(b) Less than 1 posterior interspace. 

(c) One to 2 posterior interspaces. 

(d) More than 2 posterior interspaces. 

15. Total duration of paralysis, including repeated phreniclases, where known. 

16. Operative indications: 

(a) Cavity. 

(b) Progression of disease. 

(c) Positive sputum. 

Other indications occurred too seldom to permit any evaluation of the effects of phrenic 
nerve interruption on them. 

All patients were given the usual sanatorimn regimen at varying levels of activity, 
depending on individual circumstances. In 369 (93 per cent) of the 398 patients in this 
series, diaphragmatic paralysis was the only collapse measure at the outset. In only 26 
(7 per cent) was diaphragmatic paralysis supplementary to a homolateral pneumothorax, 
and in 3 (0.8 per cent) there was a coincident contralateral pneumothorax. There were 
none with simultaneous bilateral pneumothorax. Twenty-two had had homolateral 
pneumothorax previously and in 94 (24 per cent) prior attempts at homolateral pneumo- 
thorax had failed. 

Results were divided into initial and final. A case was classified as an initial good 
result when all of the following conditions prevailed: (7) disappearance of cavity or 
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TABLE 1 

Phrenic nerve interrupiiov.s at Trudeau Senatorsisn fron I9i5 through Xcvember, IPS' 


i i f 

I s-r«rc* or vnem: or "CASrs’-* snrgrx cr 

j FATIENTS I jOrrXJlttCX-S 


Phrenic csaircses ' 

1 

•to ! 45 


45 


j 353 Cases with I phrcniclasis 

251 

4S7 

Phrcniclascs j 

Cases with 2 phrcnichascs 

Po 


1 

j 

Cases with 3 phrcniclascs 

14 


1 

j 

Cases with 4 phrcniclascs 

1 



1 

361* 


Total operations 

! 

39S 1 4W 


! 5S2 


• There were S more “eases” than patients. They were derived as follows: 

5 patients who had a second phrcniclasis, on the contralateral side, one to five yc.srs 
after phrcniclasis on the initial side. 

3 patients who had a second homolateral phrcniclasis for a relapse two, three and five 
3 ’ears, respectively, after the first phrcniclasis. 

cavities; (£’) clearing and /or contraction of infiltration; (S) absence of spread to the contra- 
lateral lung; and (4) conversion of sputum from positive for tubercle bacilli to negative* 
during the first twelve months following the initial operation. 

’ Ninety-four per cent of cases were sputum “positive” before operation. -All sputum 
c-vaminations were three-day concentrated smears c-veept a few throe-day concentrated 
cultures and gastric cultures before operation. 
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If such a result had not been obtained, or if pneumothorax or thoracoplasty had been 
deemed necessary within the first year, the case was classified as an initial poor restili. 
If pneumothorax or thoracoplasty had been applied within the first four months, however, 
the case was excluded from the study as nonevaluable. 

TABLE 2 

The reasons for the nonevaluation of 83 and exclusion of 31 of the 406 cases of phrenic nerve 
interruption (PNI) at Trudeau Sanatorium between 1985 and November, 1947, before 

making the statistical analysis 



fEssinc 

EXAiscrsis 

FHSENICLASZS 

1 

TOTAL 

Total number of cases 

45 

361 

406 

Total evaluated cases studied statistically 

39 

253 

292 

Total cases excluded from study: 

6 

108 

114 

No paralysis obtained 

2 

14 

16 

Questionable or insufficient paralysis 

1 

3 

4 

Phrenic nerve interruption not completed 

0 

1 

1 

Cavity closure occurred over one year after 
hemidiaphragmatic paralysis 

2 

2 j 

4 

Pneumothorax added one month later 

0 

1 i 

1 

Pneumothorax probably responsible for cavity 
closure 

0 

1 

1 

Cavity closed but developed severe contralateral 
spread 

0 

1 

1 

Kelapse roughly coincident with return of hemi- 
diaphragmatic function 


12 

12 

Insufficient evidence of active disease requiring 
collapse in retrospect 

0 

5 

5 

Operation performed to assist in obliteration of 
old pneumothorax space 

1 

0 

1 

No or insufficient follow-up data: 

(a) First PNI performed prior to January 1, 
1945 

0 

6 

6 

(b) First PNI performed after January 1, 1945 
and initial good results obtained 


31 

31 

(Evaluated, but &st PNI performed after 
January 1, 1945 with initial poor results; 
excluded to balance the above initial 
good results without three-year follow- 
up) 


31 

31 



^ 1 

* 


6 

108 

114 


A final good result was arbitrarily defined as an initial good result following which the 
patient remained well and working without relapse for two more years, or for three years 
after initial hemidiaphragmatic paralysis. There were 107 patients with initial good 
results who were followed for at least five years. Figure 1 shows the cumulative relapse 
rate in this group for each six-month period for five years. The 45 relapses were homo- 



G24 


nOGEn S. MITCIIEEL 


lateral in 31 , contralateral in 2, bilateral in 7, and location not known in 5; The incidence 
of relapse is seen to have completely leveled off at around three years, at which time 84 
per cent of the relapses had already occurred. In a rough fashion, therefore, the rather 
high incidence of relapse occurring through the second and third years is attributed to 
failure of treatment, while the occasional relapse occurring through the succeeding eighteen 
years is simply an indication of the chronic relapsing nature of the disease. 

All second- and third-year relapses after an initial good result, and also all initial poor 
results, were classified as final poor rcsnlts. 

In table 1 arc presented the number of patients, cases and operations. Although there 
were 39S patients in the scries, there were 40G “cases” to be evaluated. There were 8 
more casas than patients because 5 patients had contralateral phreniclasis one to five 
years after their initial phreniclasis, and 3 patients had a repeat homolatcral phreniclasis 
for a relapse occuring two, three and five years, respectively, after return of function of the 
hemidiaphragm following the first phreniclasis. 

Table 2 outlines the reasons for the exclusion from statistical analj'sis of 114 of the 
40G cases. In the first place, the G2 cases in which initial phrenic nerve interruption was 
performed after Januarj' 1, 1945, were excluded. The reason for the exclusion was, first, 
that 31 cases with initial good results had not had a three year follow-up. In addition, 
the other 31 cases after January 1, 1945, had initial poor results and were, therefore, also 
excluded in order to prevent weighting the entire series. It is worth noting that about 
the same proportion of initial good results (t.c. 50 per cent) holds in these 62 excluded 
cases as in the 292 evaluated cases. 

Relapse roughly coincident with return of hemidiaphragmatic function was observed 
in 12 cases. Tlicso cases were not classified ns poor, as it was felt that the procedure liad 
not been given a fair trial because of failure to repeat phreniclasis. It is of additional 
interest that 14 other cases, which were impronng but insufficiently to be classified as 
initial good results, also showed distinct progression of disease coincident ndth return 
of hemidiapliragmatic function. 


REStTLTS 

All results are based upon an anal 3 ’’sis of the previously defined, full}’^ evaluated 
series of 292 cases. 

As may be seen in figure 2, approximately one-third of the e.xaireses were ini- 
tially successful and one-fifth maintained their gain, w'hile about one-half of the 
temporary phrenic nerve interruptions showed initial good results with about 
one-tliird attaining final good results. It will be seen that the difference in height 
between the crosshatched portion of the left- and right-hand columns in these 
figures gives a graphic representation of the relapse rate. Table 3 is an analysis 
of initial and final results expressed in both number of cases and percent.® 

In figure 1, it avill be seen that the cumulative relapse rate following initial good 
results in the series of 107 cases follow'ed five years or more w'as as shown in 
table 4. 

Figure 3 shows grapliically the total number of initial phi'enic nerve interrup- 
tions performed per year and curves of the relative effectiveness attained, as 

‘ The statistics presented were prepared with the assistance of Mr. Malcolm S. McComb, 
economist with the Federal Government, and a number of volunteer rehabilitating sana- 
torium patients, to whom the author is indebted. 
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measured by initial and final results in the evaluated series. Use of the procedure 
gradually increased to 1944; since then it has declined. Maximum effectiveness 
is shown in 1943-44, the last period reported, as evidenced by final good results 
of 43 per cent. 

TABLE 4 


Cumulalicc relapse rate after initially successful phrenic nerve interruption 
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1 

PEt CE^T 

ytars 

li 

IS 

2 

25 

3 

34 

4 

37 

5 

40 



Fig. 3. The frequency of use and relative effectiveness of phrenic nerve interruption at 
Trudeau Sanatorium between 1925 and 1947. 


The age range was 15 to 56 years, with 31 per cent, 15 to 25; 59 per cent, 26 to 
40; and 10 per cent, 41 to 56. Final results were quite similar in the two sexes 
and in the three age groups®. Age range and distribution of the entire series of 
406 cases was entirely comparable to the 292 cases reported. 

* Figure 4, Relation of results to age and sex, was omitted because of limitations of space. 
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The extent of disease, as measured by the standard National Tubercu|osis As- 
sociation classification, at the time of initial operation is shown in figure 5 to have 
influenced results materially. The heavily preponderant group of moderately 
advanced cases responded much more favorably than the far advanced group. 
There were only 2 minimal cases, each with a good result. 

EXTENT OF DISEASE 

IfODniAIEW 

UIKIIUJ. 4DVAKCED ADV/SCED 

raiTlAt FISAl. IIHTIAL n.'lAI. INITIAI. FlilAI. 



2 + 221 + 69 S 292 


POOR _ GOOD 

RESULT Vyy/A ~ RESULT 

Fig. 5. Relation of extent of disease to results with phrenic nerve interruption. 

Results on the right and left sides were almost identical, both with regard to 
\ initial success and tendency to relapse. 

: Figure 6 indicates that disease which was showing distinct improvement imder 

observation responded much better than relatively static disease, and still better 
than disease which was getting distinctly worse before operation. 

Figure 7 indicates clearly that both initial and final results were quite poor 
with old well-established disease as compared to diseases of medium age or of rela- 
tively recent origin. 

Figure 8 shows that results were essentially independent of the location of the 
disease in the lung. Mid-limg and basal lesions showed the best initial results, 
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but a very high relapse rate made final results wath basal lesions the poorest of all. 
Results in infraclavicular and mid-lung lesions were slightly better than in apical. 
Six of 12 patients with ca\’ities in two difTcrent locations had initial good results 
and none relapsed. 

Figure 9 reveals the strildng improvement in results as the procedure was ap- 
plied to smaller (less than 2 cm.) cavities. 

DYNAMIC STATUS OF DISEASE BEFORE 

DErnUTELT AmOXmTn-Y DSTIKITEl-r 

HOMS StAllC lUPEOVD 

viiiu. risu. Dimu. riiiiu. ikitial fiku. 



88 + 117 + 80 + 10 * “ 292 


(* NOT OETERHINEO) 


□ = 


RESULT 



_ GOOD 
RESULT 


Fig. 6. Relation of dynamic status of disease before operation to results with phrenic 
nerve interruption. 


Figure 10 indicates that thin-walled cavities responded better than meditun- 
and thick-walled cavities, but that there were 24 per cent final good results with 
the thick-walled variety. 

Out of a total of 208 cases with cavity, fluid level was found in 7. Three of 
these showed an initial good result and 2 a final good result after phrenic nerve 
interruption. 

Forty-three patients in this series were subjected to bronchoscopy shortly 
before or after ini t.inl operation. The results in this group may be seen in table 5. 
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The character or intensity of the roentgen shadows, exclusive of cavity wall, 
is shown by figure 11 to have influenced results. In general, the denser the shad- 
ows, the worse were the results. 

The preoperative extent and activity of disease in the contralateral lung (figure 
12) was also found to have been closely related to results. Any cavity in the con- 
tralateral lung was very apt to be associated with homolateral failure, while final 

ESTIMATED AGE OF DISEASE 

" OLD " " MEDIUU " " RECai * 



KEY 



POOR 



RESULT 

: 



GOOD 

RESULT 


Fio. 7. Relation of estimated age of disease under treatment to results with phrenic 
nerve interruption. 


good results were apparently unaffected by the extent or activity of disease in 
the contralateral lung in the absence of cavity. 

The fate of the disease in the contralateral lung within three months after 
phrenic nerve interruption is shotvn in figure 13. It is clear that cavitary disease 
was very apt to deteriorate; that roentgenologically active noncavitary disease 
and also very small foci of disease were rather apt to deteriorate; that well 
arrested old disease was not apt to be affected in spite of its extent; and, finally, 
that when no disease was present at the time of operation, spread was not seen. 
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A less profound relationsliip of the preoperative condition of the contralateral 
lung to results has been prcA’iously reported (22). 

There vere 31 of the 292 evaluated cases which did not have cavit}' at the time 
of phrenic nerve interruption. Four operations given to help obliterate an 
empyema space and one to stop hemorrhage were classified as initial poor results. 
In 12 cases where the indication for operation was sputum persistently positive 
for tubercle bacilli, and in 14 cases with progression of disease, the incidence of 
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Fig. 8. Relation of location of cavity or disease under treatment to results with phrenic 
nerve interruption, 

initial and final good results was approximately the same as for the group as a 
whole. 

Final results in 33 cases, wherein a catuty became replaced bj’- a localized area 
of cloudiness (“filled-in”) after phrenic nerve interruption, were good in 36 per 
cent, poor in 55 per cent and undetermined in 9 per cent. 

Figure 14 indicates a positive relationship between results and the position of 
the hemidiaphragm on full inspiration, so-called “rise.” When the hemidia- 
phragm showed maximal elevation (e.g., two posterior interspaces or more above 
its preoperative level on full inspiration), initial good results in a series of 38 
patients were higher (66 per cent) than for any other factor studied; more impor- 
tant, the relapse rate was negligible. 
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There were 22 cases with clear-cut fluoroscopic evidence of preoperative limita- 
tion of a hemidiaphragm which was later successfully paralyzed. In 19 of these, 
the VTiter was able to compare the postoperative level of the hemidiaphragm 
with its preoperative level. Twelve showed a rise of less than one posterior 
interspace; there were 6 with a rise of between one and two, and 1 with a rise of 
over two posterior interspaces. In addition, there were 41 per cent initial and 


SIZE OF CAVITY 
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4* = 292 
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RESULT 

Pig. 9. Relation of size of cavity to results with phrenic nerve interruption, 

32 per cent final good results in the 22 cases showing relative preoperative hemi- 
diaphragmatic limitation. 

In order to assess the effect of relative obliteration of the intrapleural space on 
results with phrenic nerve interruption, the cases were divided into four groups, 
as may be seen in table 6. The group in which pneumothorax had not been 
attempted is weighted in the direction of less disease because of a policy in general 
of prescribing pneumothorax, rather than phrenic nerve interruption, for more 
extensive disease. 

The approximate total duration of paralysis from all operations was determined 
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Fig. 10. Relation of thickness of cavity wall to results with phrenic nerve interruption. 


TABLE 5 

Cumulative relation of endobronchial tuberculosis to results with phrenic nerve interruption 



* Includes one case with contralateral endobronchial disease, in which a poor result was 
observed. 


in 125 of the 253 cases of temporary phrenic nerve interruption included in the 
study. Three unintentional permanent paralyses were arbitrarily given the 
value of thirty-six months. In table 7 may be seen calculations of both the mean 
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and median total duration of paralysis for the subgroups: initial poor result; 
initial good result with relapse wthin three j'ears; and final good result. 

The use of supplementary scaleniotoray in 33 cases yielded good results initially 
in 42 per cent and finally in 27 per cent. These figures were poorer than for the 
group as a whole but it should be noted that the operation was in use only from 
1932 to 1936. 


CHARACTER OF ROENTGEN SHADOWS 
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Fig. 11. Relation of character of the roentgen shadows exclusive of cavity wall, if 
present, to results with phrenic nerve interruption. 


The 94 good results were studied more closely to measure, insofar as possible, 
how much phrenic nerve interruption had contributed to bed-rest, or vice versa, 
in the arrest of the disease. All patients who had progressed to the point where 
they were up and about for six or more hours per day were considered to have 
been graduated from a bed-rest status. Using this arbitrary definition and in- 
cluding time in bed before admission to the Sanatorium, table 8 shows the con- 
secutive preoperative bed-rest in the series of 292 cases. Only 17 of the patients 
with final good results spent six months or more of this bed-rest at Trudeau 
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Sanatorium, and onl}’’ 9 spent the major part of the six months at as strict a level 
as twenty-two to twenty-three hours a da}’’ in bed in an infi^ma^J^ 

In assessing definite accomplishments in the 94 final good results, 41 were foxmd 
to have been improving before operation, 33 were approximately unchanged, and 
only 20 were getting worse during the preoperative period. Review of these 20 
cases, worse before operation, regaled that 5 of them were noncavitary and that 
9 had cavities of 1 cm. or less in diameter. 

DISEASE IN CONTRALATERAL LUNG 

Kcmsttcilosic*U.T iCTtn; , moceutc to iucsj lost 

ciTjTT to eintt ctiBSire txo poke 

i»m«, n*jx niTiu. riiAt xtitiu. rail. itttiu. rreu. 



(* kot oetermikeo) 



Fig. 12. Relation of extent and activity of disease in contralateral lung to results with 
phrenic nerve interruption. 

The duration of postoperative sanatorium residence may be seen in table 9. 
As indicated in the table, patients ndth later relapse were given as much post- 
operative sanatorium treatment as the group which remained well. 

In the course of reviewing preoperative roentgenograms and clinical data, the 
author divided all cases according to modem criteria into the two groups, accept- 
able and nonacceptable risks for success with phrenic nerve intermption. The 
criteria used were based upon a consensus of the current opinion of the consultant 
st af f of Trudeau Sanatorium and were as follows: (1) a limited amount of not too 
old or destructive disease, preferably not getting worse before operation; (8) 
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caAnty not over 3 cm. in diameter, and preferably smaller; (S) in more advanced 
disease, only after pneumothorax failure or when thoracoplasty is contraindicated 
or refused (a criterion not used in determining acceptability of cases in this 
studjO; ( 4 ) respiratory distress; and (5) no obstructive endobronchial tuber- 
culosis, 

FATE OF 

DISEASE IN CONTRALATERAL LUNG 

IMCTIVS t 

i(omctrou»iciU.T Acrnrc i koseriie to huost 



19 + 89 + 88 + 30 + 68 + 4* = 298 


HOT DETERHIREO) 

KET 

Fig. 13. The fate of disease in the contralateral lung soon after phrenic nerve inter- 
ruption. 

In the writer’s selection, msiny of the exigencies of the individual personal 
situations obviously were not considered. Cases were selected for likelihood of 
success on the basis of these rather rigid roentgen and chnical criteria only. 

Figure 15 shows the results obtained in these two series. Attention is first 
called to the fact that, while the results in the acceptable group were considerably 
better than in the group as a whole (figure 2), 15 per cent (16 cases) of impredict- 
able good results occurred in the nonacceptable group. Eleven of these 16 im- 
expected good results were all the more striking when it was foHnd that they had 
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Fig. 14. Relation of hemidiaphragmatic “rise” to results with phrenic nerve interrup- 
tion. 


TABLE 6 

Relalion of condition of pleural space to results with phrenic nerve interruption 


CONJJrrlON OP PtEOXA AS EVIDENCED BY 
PREOPEEATIVE HOUOIAIEEAL PNEDiroiBOKAX 


UmiBEE OF CASES 


GOOD EESDITS 


Previous pneumothorax treatment, 

later abandoned 

Concurrent pneumothorax treatment . . 
No pneumothorax space found after 

repeated attempts 

Pneumothorax not attempted 


Total cases. 


failed to improve on six months or more bed-rest just before operation. In addi- 
tion, there were 37 per cent (66 cases) of initial poor results in the acceptable 
group. A careful review of the clinical data and roentgenograms of these un- 
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accountable results was made in an effort to identify, if possible, some common 
denominator which might make them more predictable in retrospect. By “un- 
accountably good” is meant the presence of at least several attributes such as 

TABLE 7 


Relation of duration of paralysis to results with phrenic nerve interruption 


SESX7LTS 

mruBEx or cases 

DURATION OF PARALYSIS 



^ Mean 

1 

Median 


Initial poor result 

31 

month 

10.3 

month 

8.5 


Initial good results with relapse within 
three years 

28 

10.4 

8.5 


Final good result 

66 

1 

14.3 

12.0 


Total 

125 

i 




TABLE 8 

Relation of consecutive bed-rest immediately before operation to results with 
phrenic nerve interruption 


GOOO KESTOTS 


COJJSECUTTVE BED-REST BOTH BEFORE 
ADMISSION AND IN THE SANATORnJU 

mrUBER OF CASES 

Initial 

Final 



Number 

Per cent 

Number 

Per cent 

liess than 2 months 

64 

40 

62 

29 

45 

2 to 4 months 

64 

35 

55 

20 

31 

4 to 6 months 

57 

27 

47 

18 

32 

nvfir fi mnnf.ha 

107 

1 

39 1 

1 

36 , 

27 

25 



Totals 

292 

141 


94 







TABLE 9 


Relation of results with phrenic nerve interruption to duration of 
postoperative sanatorium residence 


] 

EESI7LTE 

1 

i 

NUMBER or CASES i 

DURATION OP POSTOPERATIVE SANATORIUM 
RESIDENCE IN MONTHS 



Mean 

Median 

Initial good results with relapse 
within three years 

47 

9.4 

12 

Final good results 

1 

94 

10 

10 



large cavity, apparently old or progressive disease, extensive disease in the contra- 
lateral lung, and the like, which should have led to a poor result. By “unac- 
countably poor” is meant a case with no attribute which should have prevented 
a good result according to current standards. 
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There seemed to be one factor present in most of these unaccountably good 
results which was usually not evident in the unaccountably poor results. This 
was the finding, on serial preoperative roentgenograms, of a progressive tendency 
of the diseased lung to contract, as evidenced by one or more of the following: 
( 1 ) strand-like shadows radiating from the lung root; ( 2 ) sh'ght retraction oAhe 

EFFECT OF 'SELECTION* ON RESULTS 
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Fig. 15. Results with phi-enic nerve interruption at Trudeau Sanatorium: results in two 
groups, one determined acceptable, and the other nonacceptable, by author, according to 
modern criteria. 

trachea, heart, or great vessels; (S) upward displacement of the hilum; and ( 4 ) 
upward displacement of the hemidiaphragm. 

COMMENT 

The statistical accuracy of a study of the results of any treatment of pulmonary 
tuberculosis is affected by various unmeasurable factors, such as changes in the 
immunological response, emotional problems, the individual degree of adherence 
to the prescribed sanatorium regimen, state of nutrition, dietary habits, supple- 
mentary forms of treatment, and the convictions of the writer. 
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An interesting check on the clinical observations forming the basis for the 
present study is provided by an independent survey of the first 177 of the same 
patients by Yeager (36) in 1942 . Using entirely different methods and criteria, 
he nevertheless found 55 per cent “initial” and 37 per cent “final” good results, 
values which check rather closely vnth. the results reported herein. 

It is well recognized that the arbitrary criteria for results chosen for this study 
are open to criticism. On the one hand, proponents of phrenic nerve interruption 
may well ask whether one can dismiss the partial benefits of the operation in the 
group which failed to achieve control of disease within one year. It may also be 
questioned whether spread of disease to the contralateral lung, coincident with 
homolateral control of disease, is a failure of a unilateral measure. (There were 
four such instances classified as poor results in the series.) Failure to “convert” 
a sputum positive for tubercle bacilli with a unilateral procedure in bilaterally 
active disease may also be questioned. (There was one such instance in this 
series.) Finally, it is questionable whether a purely contralateral relapse is evi- 
dence of final failure of a imilateral procedure. (There were three such instances 
in this series.) 

Cavity closure and sputum “conversion” were not analyzed separately since 
one without the other has much less significance than the combination, and 
sputum “conversion” alone depends upon too many uncontrollable variables. 

Contrariwise, it may be argued that all relapses occurring through five years, 
or even more, after operation should be considered as failures. Moreover, it 
may be maintained that much of the apparent benefit of hemidiaphragmatic 
paralysis may be attributed to bed-rest and the sanatorium regimen, as the 
demonstrable physiological effects are limited in comparison with other collapse 
measures (31, 37). 

In figure 3 it is of interest to note that an imusual peak of initial good results, 
65 per cent in 1942, was reduced by relapses to the average final good result level 
of 33 per cent. In addition, the percentage of final good results in patients re- 
ceiving initial phreniclasis in 1943-1944 was high. The follow-up information 
for the third year of many of these patients was determined from reports dated 
in late 1947 . From experience gained in the discovery and dating of relapses, it 
is felt that follow-up through an additional few months, including sputum and 
roentgen studies, might well have led to the clinical discovery of relapses which 
had their unsuspected symptomatic onset sometime within the third postopera- 
tive year. 

The data in figure 3 further reveal that the results have shown a tendency to 
improve as years have passed. This may be explained in part by the fact that 
the first phreniclasis in the series was in 1932, while the last exairesis was in 1934. 
Most authors have reported the more dependable results after phreniclasis. 
More important, probably, is the factor of improvement in selection of cases by 
experience. 

It is well to emphasize that no information on the effect of phrenic nerve inter- 
ruption in either minimal or incipient tuberculosis was obtained from this study. 
In addition, as 261 of the 292 fully evaluated cases were treated for cavity, there 
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are insufficient data on the use of phrenic nerve interruption in treating indica- 
tions other than cavity, such as progi*essive disease or a persistently positive 
sputum. 

The observed relationship of most of the factors studied above to results vdth 
phrenic nerve interruption confirmed established clinical judgment. It was clear 
that age, sex, and side of operation had essentially no bearing on results. On the 
other hand, the extent or intensity of the disease, as shown by roentgenogram; the 
size of cavity or ca\’ities; the presence of homolateral endobronchial disease as 
directly visualized or as presumed from the presence of ca\’ity vath fluid level; 
and the extent and actmty of disease in the contralateral lung; all were signifi- 
cantly related to results. 

The relationsliip of cavity wall to results in general was as expected. Although 
thin-walled ca\uties responded most favorably, the 24 per cent final good results 
with thick-walled cavities is of interest. A cavity wall which appears thick by 
roentgenogram may be histologically ( 1 ) caseo-pneumonic, (2) fibrous and stiff, 
even epitheliized, or (S) acutely infiltrated and/or relatively airless. Response 
of the latter type to various collapse measures is understandably better than the 
others and undoubtedly accounts for those good results vdth thick-walled cavities 
reported here. 

There has not been much agreement as to the importance of location of the 
cavity or disease in determining results. Most authors have reported that they 
obtained best results in lower lobe lesions (5, 23, 38, 39, 40). A few others have 
noted good results where the lesion is situated in the apex of the lower lobe (41, 
42), or the upper lobe (one group, 43). Ale.xander believes that the location of 
the lesion makes httle difference (22) in determining the outcome from the pro- 
cedure. This study supports the last opinion, with the additional finding that 
final results in basal lesions were poorer than in all other locations. 

It is beUeved that sufficient e'vddence was obtained from this study to advise 
repetition of phreniclasis as often as necessary to maintain a therapeutically 
successful hemidiaphragmatic paralysis for a considerably longer period than 
the average five to eight months’ duration of an initial phreniclasis. This was 
shoivn principally b 3 ’' the finding that total duration of paralj^sis, including 
repeat phreniclases, was significantly longer in the final good results than in the 
initial good results followed by relapse wnthin three j’^ears and in the initial poor 
results. The relapses coincident with return of hemidiaphragmatic function 
provided additional support for this view. Just how long paralysis should be 
maintained is still uncertain, but the evidence would favor at least twelve to 
eighteen consecutive months of paralj’^sis. 

It has been previously pointed out that preoperative immobility of the hemi- 
diapliragm has surprisingly little effect on results with phrenic nerve interruption 
(39). The limited observations made here confiirm this view. 

Some of the evidence in this study supports the contention that phrenic nerve 
interruption is an effective form of treatment for pulmonarj’- tuberculosis. As 
observed by others (38, 40), a small group of patients responded remarkably well. 
Some had large, even multiple cavities, some were getting worse under observa- 
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tion, and others showed very heavy shadows or apparently quite old disease. 
All of these qualities are Icnovni to be associated wth disease resistant to any 
treatment. In addition, a number of these unique unpredictable good results had 
failed to improve on six months or more of bed-rest immediately preoperatively. 
The close relationship of higher than average hemidiaphragmatic “rise” with the 
contraction and healing of such lesions also suggested that something positive 
had been accomplished by relaxation of the hemidiaphragm. Finally, the 26 
instances of aggravation of disease coincident vdth return of hemidiaphragmatic 
function tend to support the view that the paralysis had been having a beneficial 
effect in those particular cases. 

It may be contended, however, that the evidence obtained from this series fails 
to prove a vide effectiveness of the procedure. In the first place, the mean 
duration of postoperative sanatorium care in cases with initial good results was 
ten months, a not inconsiderable period. This figure was approximately the 
same regardless of whether relapse occurred later or not. The relapse rate after 
initially successful phrenic nerve interruption was 34 per cent at the end of the 
third year and 40 per cent in five years, compared to a recent report of 15 per cent 
relapses in the first five years after initially successful thoracoplasty (44). Com- 
parable relapse rates after initially successful pneumothorax could not be found, 
but the available figures suggest that the relapse situation after pneumothorax 
is more favorable than these figures for phrenic nerve interruptions. 

From table 8 it is seen that results were better in those patients who had had 
less of a trial on bed-rest before operation. In addition, there were only 27 pa- 
tients who had a presumably adequate trial, e.g., six months, of good bed-rest 
before operation and who then responded favorably to phrenic nerve interruption, 
an observation similar to that reported by Nordgren (39). How many of the 
other 67 final good results, with less than six months of consecutive preoperative 
bed-rest, would have done as well on bed-rest alone remains problematical. 
Further, the percentage of failure to control disease which was getting worse be- 
fore operation was rather high (figure 6). 

A careful study of all failures revealed many cases with a limited amount of 
improving or relatively recent disease, with small cavity and other favorable 
attributes, in which results were imaccountably poor. There seemed to be no 
explanation for these failures except possibly a high incidence of failure to obtain 
the greater degree of hemidiaphragmatic “rise” found rather consistently related 
to good results. This in turn suggested the imsuspected presence of pleural ad- 
hesions, parenchsonal fibrosis and/or secondary emphysema which prevented 
adequate or selective relaxation. 

A review of serial preoperative films in the unpredictably good results fre- 
quently revealed a progressive contraction of the diseased portion of lung, as 
evidenced by strand-like shadows radiating from the hilum, and retraction of 
mediastinal structures, ribs, hilum and hemidiaphragm. Study of the imac- 
countably poor results, on the other hand, showed that there was infrequent 
roentgenographic evidence of progressive preoperative pulmonary contraction. 
The importance of this factor of contraction was supported by the striking differ- 
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ence in degree of postoperative hemidiaphragmatic "rise” in the two groups. 
The less favorable results in the presence of extensive plexual adhesions, with a 
concomitant limitation in ability to contract, lends further support to this riew 
(table 6). 

The dii’ect relationship found to exist between the height of the hemidiaphragm 
during paralysis and good results has been previously reported (12, 20, 39, 45) 
with one observer in dissent (38). The only positive force which can cause such 
a true “rise,” as distinguished from fixation in the position of quiet expiration, is 
an acquired tendency of the diseased area to contract, long recognized as are- 
liable sign of spontaneous healing. In this connection, it has been previously 
emphasized that “contracting” (not entirely synonymous with improving) dis- 
ease is in the most favorable state for success with pneumothorax and thoraco- 
plasty (46). 


SUMMARY 

1. Of 398 patients subjected to phrenic nerve interruption for pulmonary 
tuberculosis from 1925 through November 1947, 292 “cases” provided adequate 
data for a detailed statistical study of the procedure. 

2. Approximately one-half of these fully evaluated cases had an initial good 
result, while one-third remained well without relapse for three postoperative 
years. Results were slightly better for the temporary operations than for the 
permanent type. 

3. Of the 94 final good results, only 27 had been given six months or more of 
bed-rest just prior to phrenic neri’-e interruption. 

4. The relation of various factors to imtial and final results was determined 
and discussed. 

5. Ciunulative relapse rates following initial good results with phrenic nerve 
interruption were 18 per cent in one and one-half years, 25 per cent in two j'^ears, 
34 per cent in three years, 37 per cent in four years and 40 per cent in five j'^ears. 

CONCLUSIONS 

1. Plurenic nenm interruption is beneficial in certain cases of pulmonary tuber- 
culosis and in well selected cases appears to provide a definitive form of treatment. 

2. Because of the inadequacy of preoperative bed-rest and the absence of 
dependable controls, however, only limited evidence was found in the present 
study to support the belief that plrrenic nerve interruption prorides a widely 
effective form of treatment for the disease. 

3. The most dependable guide to the selection of cases for phrenic nerve inter- 
ruption in this series was the finding on serial roentgenograms, over a three- to 
six-month period, of progressive pulmonary contraction, as distinguished from 
simple clearing of disease or reduction in cavity size. 

4. After hemidiaphragmatic paralysis has been effected, a good final result is 
more likely: (a) when significant hemidiaphi-agmatic “rise” occurs, preferably 
above the resting expiratory level; (b) when phrenic nerve interruption is re- 
peated as often as necessary to maintain paralysis for from twelve to eighteen 
months. 
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STJMARIO 

La Interrupcidn del FrSnico en el Traiamiento de la Tuberculosis Pulmonar 

1. De 398 enfermos en quienes se ejecutd la interrapcidn del fr^nico por tuber- 
culosis puknonar desde 1925 hasta noviembre, 1927, inclusive, 297 “casos” 
aportaron datos adecuados para un pormenoiizado estudio estadstico del pro- 
cedimiento. 

2. Aproximadamente en la mitad de estos casos bien justipreciados el resultado 
inicial fu4 bueno, en tanto que la tercera parte continud bien sin recidivas durante 
tres anos postoperatorios. El resultado fud ligeramente mejor con las opera- 
ciones temporales que con las permanentes. 

3. De los 94 resultados definitives buenos, s61o en 27 habia habido seis meses 
o mds de repose en cama precisamente antes de la intervencidn en el frdnico. 

4. Se detennind y se discute abora la relacidn de varies factores con los resul- 
tados iniciales y definitives. 

5. Los coeficientes acumulativos de recidivas consecutivas a buenos resultados 
iniciales representaron 18 por ciento en ano y medio, 25 por ciento en dos anos, 
34 por ciento en tres anos, 37 por ciento en cuatro anos y 40 por ciento en cinco 
anos. 


Conclttsiones 

1. La interrupcidn del frdnico resulta beneficiosa en ciertos casos de tubercu- 
losis pulmonar, y, en casos bien seleccionados, parece constituir ima forma 
definitiva de tratamiento. 

2. Sin embargo, debido a la insuficiencia del descanso en preoperatorio cama 
y a la falta de testigos fehacientes, sdlo se descubrieron en el estudio actual datos 
limitados que apoyen la creencia de que la interrupcidn del frdnico ofrezca una 
forma ampliamente eficaz de tratamiento de la enfermedad. 

3. El guia mas fidedigno para la seleccidn de casos para la interrupcidn del 
frdnico en esta serie consistid en el hallazgo, en radiografias seriadas, durante un 
periodo de tres a seis meses, de contraccidn pulmonar progresiva, en contraposi- 
cidn al mero despejo de la enfermedad o disminucidn del tamano de la cavema. 

4. Una vez efectuada la pardlisis hemidiafragmatica, es mds probable la 
obtencidn de un buen resultado definitivo: (a) si ocurre una importante “eleva- 
cidn” hemidiafragmdtica, preferiblemente mas arriba del nivel expiratorio en 
descanso; (6) si es repite la interrupcidn del frdnico con la frecuencia necesaria 
para mantener la paralisis por espacio de doce a dieciocho meses. 
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PERCENTAGE OF PERMANENT DIAPHRAGMATIC PARALYSES 
FOLLOWING PHRENICOTRIPSY^ 

JAMES T. HARDY, JR., WILLIAM H. BERGSTROM and ROBERT H. 

BROWNING 

rNTRODTJCTION 

In planning a program of treatment for an individual case of pulmonary 
tuberculosis, tbe risk of permanent diaphragmatic paralysis follomng crushing 
of tbe phrenic nerve (phrenicotripsy) must often be considered. Such paralysis 
may compromise the patient’s vital capacity and possibly preclude subsequent 
thoracoplasty or other necessary ipsilateral or contralateral collapse therapy. 
The value of phrenicotripsy as an interim procedure depends, at least partially, 
upon its reversibility. The increasing use of phrenic nerve paralysis in com- 
bination with pnemnoperitoneum has made this problem one of considerable 
interest and importance. With this in mind, the writers have reviewed a 
number of cases of patients who have had one or two phrenicotripsies and have 
determined the percentage of partial and complete diaphragmatic paralj^is 
resulting. 


REVIEW OP LITERATURE 

There have apparent^' been very few studies of this subject. MitcheU et al. (1) studied 
193 patients who had had one phrenicotripsy followed by pneumoperitoneum. After one 
to four years, 42 per cent of these showed complete paralysis and 9.5 per cent partial 
paralysis of the diapluagra. In a parallel series of 192 initial phrenic crushes alone, per- 
formed by the same surgeons, some with pneumothorax but without coincident pneumo- 
peritoneum, 21.3 per cent showed complete and 16.1 per cent partial failure to regain nor- 
mal function in from one to four years after crush. 

Crow and Whelchell (2), in studying 546 patients who had had phrenicotripsy and 
pneumoperitoneum, found 5 per cent permanent diaphragmatic paralysis. 

Pinner (3), without citing specific figures, estimated that 10 per cent of supposedly 
temporary diaphragmatic paralyses are in reality permanent. 

^UTERIAL AND METHOD 

In this study no patients were used who might have restriction of diaphrag- 
matic motion caused by pleural thickening, effusion, empyema, or peritonitis. 
Three categories were established: (1) complete paralysis; (2) partial paralysis, 
meaning any motion in the normal direction up to two centimeters; (S) no paraly- 
sis, meaning motion in the normal direction of more than two centimeters. All 
cases considered were classified by fluoroscopy two years or more after operation. 
All paralyses which remained for tw'o years were arbitrarib' considered to be 
permanent. No patient was included whose contralateral diaphragm moved 
less than two centimeters at the time of classification. All patients received 
concurrent pneumoperitoneum. 

‘ From Sunny Acres, Cuyahoga County Tuberculosis Hospital, Cleveland, Ohio, and the 
Department of Medicine, Western Reserve University School of Medicine. 

646 



DIArHn.\GMATIC PAKALYSES FOELO'WTNG PIIRENICOTRIPSY 


647 


Operative icchniqitc: The operative technique used was as follows. Under 
local anesthesia the nerve was approached via a muscle-splitting incision in the 
lateral head of the sternocleidomastoid. In each case a thorough search for 
acccssorj' ner\>'es was made. These were severed if found. The nerve was then 
injected with 2 per cent pontocaine and crushed seven to nine times at one 
point with a hemostat. The muscle was then apposed with cliromic sutures 
and the skin with silk. Each patient w'as then fluoro'seoped. Those whose 
diaphragms were found to be moving following operation were excluded from 
the series. 


TABLE 1 


Rcduclion oj diaphragmatic function following phrenicotripsy 



CASES wrrn COT esnsn (143) 

CASES WITH TWO CEUSHES (49) 


Number 

Per cent 

Number 

Per cent 

Partial paralj’sis 

mM 

■■ 

6 


Complete paralysis 

heh 


6 

■■ 

Total cases with reduced function. . . 

21 

15 

12 

24 


RESULTS 

As may bo seen in table 1, 143 cases of phrenicotripsy were reviewed. Of 
this number, 7, or 5 per cent, had partial para^'sis of the diaphragm on the 
operated side tw’o j'ears or more after the procedure. Fourteen cases, or 10 
per cent, had complete paralysis. This gives a total of 21 cases, or 15 per cent, 
w'ho had appreciable and apparentlj’- permanent compromise of their diaphrag- 
matic function. 

A total of 49 cases having two phrenicotripsies was considered. All of these 
had shown return of diaphragmatic function following the first operation. 
Six cases, or 12 per cent, showed partial paralysis two years after the second 
operation. Six cases, or 12 per cent, showed complete paralysis. Thus 12 
cases, or 24 per cent, were found to have permanent reduction of diaphragmatic 
function after their second phrenicotripsy. 

Though the number of cases having two operations (49) is small as compared 
with the number having one operation (143), application of the Chi-Square 
method shows that in only 7 per cent of such samples would there be more 
divergent results.® 


DISCUSSION 

Two factors may be involved in permanent diaphragmatic paralysis: {!) 
failure of the phrenic nerve to regenerate; and {2) muscle atrophy in the dia- 
phragm itself. The relative importance of these factors remains to be deter- 

* Acknowledgment is made to Mr. John L. Buckley of the University of Syracuse, who 
prepared the statistical analysis of our data. 
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mined. Stanbury (4) found profound gross and microscopic changes in the 
diaphragm in 10 cases autopsied from three weeks to six years following phreni- 
cectomy. He described moderate changes as early as three weeks postopera- 
tively, and his description of the findings at four months is as follows: “The 
entire musculature undergoes atrophy, leaving a thin fibrous structure. His- 
tologically, fatty degeneration is present, an occasional atrophic muscle cell 
may be seen, and the fibrous element is much thinner than normal.” 

The figures in the present study indicate a considerably higher proportion of 
permanent reduction of function follovdng second crushes as compared to first 
crushes. At operation for re-crush much local fibrosis is invariably found and 
the nerve is frequently isolated only with great dfficulty. It seems possible 
that scarring, by preventing nerve regeneration, may account for the high 
percentage of permanent paralyses observed. Stanbury’s figures would seem 
to indicate, however, that muscle atrophy may occur very early and this might 
be as important a factor as failure of nerve regeneration. If the latter were 
the more important, any technique which would paralyze the nerve wdth mini- 
mal scarring might lead to a higher percentage of recovery of function. Crow 
and Whelchell (2) reco mm end dissection of the nerve from its sheath and crush- 
ing of the nerve only. In a series of 546 cases they report only 5 per cent per- 
manent paralyses. 

With the foregoing in mind, it w'ould seem desirable that a series of diaphragms 
and phrenic nerves be examined postmortem in an effort to draw definite con- 
clusions as to the importance of these factors. 

SUMMARY 

1. A series of cases having phrenicotripsy and pneumoperitoneum was re- 
viewed two years or more postoperatively. Fifteen per cent of 143 cases had 
permanent reduction of diaphragmatic function after the first operation. After 
a second phrenicotripsy, 24 per cent of 49 cases showed permanently reduced 
function. 

2. The relative importance of nerve regeneration and muscle atrophy is 
discussed and it is believed that further studies, both statistical and histological, 
are indicated. 


SUMA.RIO 

Porcentaje de Pardlisis Diafragmdticas Permanentes Consecutivas a la 

Frenicotripsia 

1. Una serie de casos en que se practicaron la frenicotripsia y el neumoperi- 
toneo fu6 repasada a los dos anos o mas de la operacidn. En 15 por ciento de 143 
casos hubo reduccidn permanente de la funcidn diafragmatica despuds de la 
primera operacidn. Despuds de otra frenicotripsia, 24 por ciento de 49 casos 
mostraron disminucidn permanente de la funcidn. 

2. Disciitese la relativa importancia de la regeneracidn nerviosa y la atrofia 
muscular, seiialdndose que parece indicada la ejecucidn de estudios ulteriores, 
tanto estadlsticos como histoldgicos. 
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PSYCHOLOGICAL CONCOMITANTS OF PULMONARY 
TUBERCULOSIS' 

GEORGE W. ALBEE-'-» 

INTRODUCTION 
Statement of the Problem 

For many years the question of whether there are specific personality changes 
accompanying tuberculosis has aroused speculation and discussion. Those 
inclined to answer the question in the affirmative have pointed to such men as 
Schiller, Voltaire, Shelley, and others, as evidence for the theory that tuber- 
culosis is a factor in producing heightened creativity along intellectual lines. 
Thomas Mann’s novel, TJic Magic Mountain (8), brought widespread attention 
to the lives of those afflicted with the disease and has done much to shape the 
thinking of many about tuberculosis. 

Recent work in psychosomatic medicine and in the organismic approach to 
the individual has shown that the whole organism and hence the total behavior 
pattern reacts to any infection. 

Little work of a rigidly controlled nature has been done to determine whether 
there are demonstrable personality concomitants to tuberculous infection. 
Much of the literature on the subject is the product of subjective observation 
and clinical experience. As a result there are manj’- conflicting and divergent 
assertions as to personality changes with tuberculosis. Moreover, as it is prob- 
able that many clinicians have compared their tuberculous patients with healthy 
people in their regular environments, it is difficult to know whether the traits they 
ascribe to the tuberculous patients are specific to that disease or are rather only 
typical of chronic illnesses in general. 

This study purports to obtain quantitative measures of personality factors 
in a group of tuberculous patients and in a comparable group of chronically ill 
nontuberculous patients so that a comparison of the two groups may be made. 
An attempt also is made to see whether there are any correlations between the 
severity of infection, objectively determined, and the degree of deviation from 
the normal in personality factors, if such deviations occur. 

Survey of the Literature 

The widely divergent opinions about personality changes with tuberculosis 
are evident from the follovmg references which are a representative sample of 
the literature. 

* Published with the permission of the Chief Medical Director, Department of Medicine 
and Surgery, Veterans Administration, who assumes no responsibility for the opinions ex- 
pressed or conclusions drawn by the author. 

’ Psychologist, Mental Hygiene Clinic, Veterans Administration Regional Oflice, Pitts- 
burgh, Pennsylvania. 

’ Instructor in Psychology", University of Pittsburgh, Pittsburgh, Pennsylvania. 
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Moorman (10) says, “After allowing for the increased mental activity which is apt to 
accompany enforced physical rest, and the fear of impending death, many students of 
tuberculosis have expressed the belief that there is a decided excitation of the mind with 
increased capacity for creative accomplisliment and that tliis excitation is due to toxic 
agents manufactured by the tubercle bacillus.” 

In support of this view, Thompson (19) is led to say, “I do not believe tuberculosis is a 
clinical entity in the causes of insanity per se, but rather that the toxic element may so 
undermine patients’ psychic equipment as to produce mental symptoms.” 

Jelliffe and Evans (7) believe that the chronic toxemia of tuberculosis is irritating to 
nerve cells and produces a general disharmony in the cellular activity. 

Hayes (5) says that the centers of ner\’-ous and mental control of tuberculous patients 
are affected by the poisons of the disease and that therefore these patients are not only 
physically but also nervously and mentally ill. 

Shock and Jones (15) disagree with the above contentions and argue that the simple 
assumption that any changes in personality accompanying tuberculosis are a result of 
heightened motivation in the face of the imposed inactivity and physical handicaps is 
more reasonable than the hypothesis that there are specific poisons which act as excitants 
to the central nervous system. 

In a survey of the literature on the emotions of tuberculous patients, Shuts (16) out- 
lines three divergent points of view which are current in relation to the problem. These 
are, first, that there is a to.xic condition which causes personality changes; second, that 
patients’ bodily states are influenced by emotions and vice versa; and third, that cultural 
and socio-economic conditions have adversely affected the lives of the patients, with ac- 
companying emotional changes. He concludes that the sanatorium population is more 
emotionally maladjusted than the general population but no more so than in other con- 
ditions which act to produce emotional crises. He says that more recent authors believe 
that tuberculosis merely accentuates personality maladjustments present prior to in- 
fection. 

Hartz (3) points out that such reactions as anxiety states, which occur as a result of life 
situations, may so disrupt the normal pattern as to be an important factor in the onset of 
tuberculosis. He points out, however, that these reactions mil differ from individual to 
individual so that no generalized pattern is likely to exist. 

Seidenfeld (13) does not believe that we have enough knowledge to say whether the 
psychic components are causative of, or reactions from, the illness, but he stresses the 
presence of these components and the necessity for understanding and training tuberculous 
patients so that upon discharge they may take their place in society, 

Hyde and Zacks (6) found correlations between population density and incidence of 
tuberculosis for communities above 5,000 per square mile and thought the correlations 
were due to crowding per se, and not to lower socio-economic status or nationalitj'. 

Several attempts have been made to show that definite psychoses, particularly schizo- 
phrenia, are caused by tuberculosis. In fact the incidence of tuberculosis in schizophrenics 
is much higher than in all of the other mental illnesses. As Dunbar (2) has pointed out, 
these attempts are derived from the statistical coe.xistence of the two illnesses. She 
believes that schizophrenic patients have lower resistance to infection and succiunb more 
easily than others. White (21) concurs with this view. Ruskin (12), in a survey on 
epidemiology of tuberculosis in a mental hospital, says that probably susceptibility to the 
illness is not related to the type of mental disorder except that some mental disorders re- 
quire longer hospitalization and that infection is a result of overcrowding and carelessness 
in matters of personal hygiene. 
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In a psyclioanalytic investigation of thirty tuberculous women, Muhl (11) found nu- 
merous and varied personality characteristics which she believed resulted from the illness. 
Among these were changes in sexuality, impairment of the “ethical sense,” cyclic emo- 
tions, and dissociative trends. 

Strecker, Braceland, and Gordon (18), after studying 2,000 patients psychologically 
and seventy-five very intensely, were unable to find any evidence for euphoria or increased 
sexual desire. They did find evidence for depression and amdety. 

Weigel (20) in a study of two hundred patients found that forty-seven per cent were 
suffering from a definite psychosis or neurosis. The majority of these were hysterics and 
neurasthenics. He concludes that functional nervous illness occurs with great frequency 
and that a neuropsycluatric state can be a predisposing factor in tuberculosis. He be- 
lieves also that psychiatric treatment is important and that the neurotic has a worse 
prognosis than the patient with a normal personality. 

Seidenfeld (14), in a comparison of tuberculous patients with normals, found that 
fifteen of the one hundred questions in the Mailer Personality Sketches distinguished sig- 
nificantly between the groups. Eight of the discriminating questions related to mental 
health, and the rest dealt with personal adjustment, self-control, habit patterns and 
social adjustment. 

Shuts (17) found differences between tuberculous patients and the general norms on the 
Bemreuter Personality Inventory in that the former were more neurotic, more lacking 
in seK-sufficiency and self-confidence, more introverted, more submissive, and more 
gregarious. 

As will be evident from the statements and assertions made above, there is 
no consistent agreement as to what the psychological concomitants to tuber- 
culosis actually are. Neither is there agreement about whether subjectively or 
objectively observed differences are results of the disease, are predisposing factors 
to the disease, or are merely accentuated by the stress of illness. 

The complete literature is not reviewed here. Rather, a number of studies 
are referred to which give a sample of opinion in several areas of thought about 
tuberculosis. One of the factors giving impetus to the present study is the 
confusion evident in the literature on the subject, hluch of the discussion of 
the problem is the result of subjective impression and clinical experience. Thus, 
Lavwenson Browm (1) concludes in a survey of the literature, “Contradiction 
contradicts contradiction, and the tuberculous patient is described as anything 
between an insane criminal and a saint too ethereal for this mundane sphere. 
Few articles have been based on recorded observation, and many upon the 
imagined experience of the writer.” 

MATERIAL AND METHODS 

Two groups, one composed of patients diagnosed as having active pulmonary 
tuberculosis and another composed of chronically ill nontuberculous patients, 
were administered the Minnesota Multiphasic Personality Inventory (herein- 
after called the MhlPI). The groups were equated as nearly as possible with 
regard to age and intelligence. Both groups were composed of veterans being 
treated in Deshon Veterans Administration Hospital, Number 5175, Butler, Pa. 
The MMPI and the Otis Self-Administering Test of Mental Abilities, Higher 
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Form A, were given to both groups under similar conditions. The twenty 
minute form of the Otis was used. Results of this test, which will be called 
Otis LQ.’.s, were used to compare the two groups in intelligence. As indicated 
in the test m.anu.al, these scores should not be considered true intelligence 
quotients but give results which arc adequate for equating the groups. 

The control group of nontubcrculous patients with chronic illnesses w'as 
composed of veterans diagnosed as having demonstrable arthritis, demonstrable 
ulcer, and severe cardiac disturb.anccs. An analysis of variance was computed 
and indicated that these subclasses comprising the control group did not vary 
significantly in mean T-scorcs for any of the scales on the MMPI. It was felt 
to be justifiable to combine those groups into one control group as they all had 
in conamon a restricting illness which limited their activitj'', necessitated much 
bed-rest, and required long hospitalization. No denial of the possibility of seri- 
ous psychosomatic factors in these illnesses is implied, but a comparison of 
tuberculous patients with this group was felt to be justified in order to ascertain 
whether there were any specific personality factors measured by the MhlPI 
avhich would be specific to the tuberculous group and not to the control group. 

The tuberculous patients were classified into four groups by the ward surgeons 
according to the severity of infection. Correlations between the severity of 
infection and deviations on the MIMPI were computed. 

Means, standard dc\’iations, and standard errors of means for each of the 
nine scalas of the hliMlT were computed for the e.xperimental and control 
groups. Critical ratios utilizing Student’s “t” were then computed to deter- 
mine the amount and nature of difTerences between the groups. 

The dbgnosis of pulmonary tuberculosis was made on the basis of laboratory studies 
which included roentgenograms and c.\'araination of sputum and gastric washes. Only 
pulmonarj' tuberculous infections arc included in the study. On the basis of the above 
diagnostic methods, the patients were classified by ward surgeons into a four class scale 
ranging from most severe to least severe infection. 

The diagnosis of arthritis was made on the basis of roentgenograms and clinical exami- 
nation. As the patients used in tliis study were from a young age group, they were nearly 
all rheumatoid arthritides. The ulcer group was diagnosed on the basis of roentgeno- 
graphic and clinical study. Only demonstrable peptic ulcer patients are included. The 
diagnosis of cardiac disease Avas based on clinical observation and only those with definite 
cardiac disturbance are included. 

Measurement of Personality Disturbance 

The Minnesota Multiphasic Pereonality Inventory (4) is a questionnaire in booklet 
form, consisting of 506 items, which purports to give a quantitative measurement of per- 
sonality in nine areas. These areas, each determined by a separate scale, are: hypochon- 
driasis, depression, hysteria, psychopathy, masculinity-femininiiy, paranoia, psychasthenia, 
schizophrenia, and mania. 

In addition to these scales, there are included certain validating scales which are used 
to determine, as far as possible, whether a subject understands the items, whether he is 
lying, and whether he is omitting questions in numbers sufficient to alter his scores. These 
scales are called the F-scale, the L-scale, and the Q-scale (4). 
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Recently an additional factor, called the K-factor, has been established statistically 
which, when applied to the test results, corrects the tendency to be defensive, to put onself 
in a too favorable light or the opposite, to be exceptionally self-critical (9). 

All of these validating scales were used in the present study. 

Treatment of Data 

An analysis of variance for the three subclasses (arthritis, peptic ulcer and cardiac dis- 
ease) comprising the control group was computed. The results indicated that these 
subclasses did not vary significantly in mean T-scores from each other. The F-scores for 
two of the scales, schizophrenia and mania, were significant but, as the means of the sub- 
classes in these two scales were within a decimal fraction of each other, it may be inferred 
that it was the variabilitj^ of distribution of these subclasses which caused the high F-score. 
As a result of the lack of variation between the means of these subclasses, they were com- 
bined to form one control group. 

Next, the mean chronological ages, standard deviations, and standard errors of means 
for the control and experimental groups were determined. These statistics were used to 
compute a critical ratio. A difference of 3.12 years between means is significant at the 
one per cent level of confidence. This same procedure was then applied to the Otis I.Q. 
scores. Here a difference of 2.09 between the means of the two groups is not significant. 

The record blanks for the MMPI were scored and these scores converted into T-scores 
using the revised norms which included correction for the K-factor (22). The mean 
T-scores for each of the groups, together with the standard deviations, standard errors of 
means, and standard errors of differences between me.ans were determined for each of the 
nine scales of the MMPI. From these data, critical ratios between mean T-scores on 
each of the scales were computed and examined for significance at the one and five per cent 
levels of confidence, taking into account the appropriate degrees of freedom and using 
Student's "t.” 

Linear correlations between the T-scores of tuberculous individuals on each of the 
scales and their classification according to severity of infection (classification described 
above) were calculated. 


REStJIiTS 

Age and Intelligence 

The average age of the tuberculous group w’as approximately tliree years less 
than that of the nontuberculous group. This difference is significant at the 
one per cent level of confidence. It w^as felt, however, that this difference had 
little significance in the context of the present study for the groups were equated 
for a number of other factors, including sex, veteran status, chronic illness, 
hospitalization, and intelligence. The tuberculous group is approximately two 
scale points higher in intelligence than the nontuberculous group. This differ- 
ence is not statistically significant. The actual means and standard deviations 
obtained for the two groups in these factors are presented in table 1. 

Results on the MMPI 

The mean T-scores on each of the nine scales of the MMPI for both the tuber- 
culous and nontuberculous groups are consistentb’ higher than the mean T- 
scores for the general population, which on this test are fifty. In table 2 are 
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presented means and standard deviations on the nine scales for the groups 
studied. 


Differences between the Groups 

The computation of critical ratios between the groups for each scale of the 
MRTPI indicates that there are significant differences between tuberculous 
patients and other chronically ill patients. Critical ratios that are significant at 

TABLE 1 


Means and standard deviations in chronological age and Otis I.Q. for groups studied 



1 

KimBEE 1 

KEAN C. A. i 

S.D. 

MEAN OTIS 
I.Q. 

S.I>. 

Tuberculosis group 

52 j 

26.96 

5.77 


m 

Nontuberculous group 

61 

30.08 1 

7.07 ! 

■n 

■■ 


TABLE 2 

Mean T-scores and standard deviations for scales of the Minnesota Multiphasic Personality 

Inventory for groups studied 


SCAIE 

TUBERCULOUS PATIENTS j 

1 NONTtJBEBCTOOCS PATIENIS 

Mean 

Sisma 

Mean 

Sigma 

Hypochondriasis 

65.79 

13.66 

71.00 

13.57 

Depression 

63.12 

10.76 

67.98 

12.25 

Hysteria 

61.94 

10.59 1 

65.77 

11.18 

Psychopathy 

63.33 

12.49 

59.05 

10.39 

Masculinity -feminity 

56.31 

9.60 

51.90 

1 7.21 

Paranoia 

52.81 

10.18 

52.26 

9.00 

Psychasthenia 

58.79 

11.95 

56.33 

11.36 

Schizophrenia 

58.17 

10.63 

57.61 

14.63 

Mania 

62.23 

9.24 

54.69 j 

8.72 


the one per cent level of confidence were foimd on the manic Scale and on the 
masculinity-femininity Scale. This is in the direction that indicates that tuber- 
culous patients are more h3T)omanic and more feminine than are other chronically 
ill patients. Critical ratios that are significant at the five per cent level of con- 
fidence were found on the hypochondriasis and depression scales. These were 
in the direction that indicates that tuberculous patients are less hypochondriacal 
and less depressed than other chronically ill patients. The “t” values for these 
critical ratios are presented in table 3. 

The percentage of each group falling above a T-score of seventy, which has 
been designated as being outside normal limits, is shovm in table 4. Only 
those scales in which significant differences were found are presented. 

Correlations between Severity of Infection and T-scores on MMPI 

The calculation of correlation coefficients between severity of infection and 
T-scores on each of the scales indicated that there was no relationship between 
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these factors in the present data. All of the correlation coefficients were between 
— .10 and .10 and were not significant. 

DISCUSSION 

From the results reported above, some suggestions as to the psychological 
concomitants of tuberculosis may be advanced. In comparing the results of 
patients’ answers to the items of the MMPI vdth the norms for the general 
population, it may be said that the chronically ill, and therefore the tuberculosis 
patient, show scores in the direction of maladjustment on each of the scales. 


TABLE 3 

”1” Values between tuberculosis and control groups for data presented in table S 


SCA1£ 

"l” VAIVK 

Hypochondriasis 

2.01* 

Depression 

2.22* 

Hysteria 

1.86 

Psychopathy 

1.95 

Masculinity-feminity 

2.71t 

0.30 

Paranoia 

Psychasthenia 

1.11 

Schizophrenia 

0.23 

Mania 

4.41t 



* Significant at 5 per cent level, 
t Significant at 1 per cent level. 


TABLE 4 


Per cent of each group falling above T-score of 70 on Minnesota Multiphasic Personality 
Inventory for scales showing significant differences 


1 

SCAIX 

TUBEKCULOUS OSOUP 

NONXTTBEECTJtOUS CROOT 


per cent 

per cenS 

Mania 

19 

7 

Masculinity-feminity 

13 

0 

Hypochondriasis 

38 

54 

Depression 

31 

48 


The means for the chronically ill on these scales are almost entirely within the 
range designated as normal limits, but the elevation of T-scores indicates that 
there are more individuals in these groups who fall outside normal limits than 
there are in the general population. The percentage distributions for each of 
the groups and the per cent falling above a T-score of seventy, are illustrated 
graphically in figures 1, 2, 3, and 4. 

In comparing the experimental group with the control group it was found 
that tuberculous patients are more hypomanic and more feminine than non- 
tuberculous chronically ill patients; it was also found that they are less depressed 
and less hypochondriacal than nontuberculous patients. 
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lYom these results it may be concluded that there is some objective basis for 
postulating the existence of the often referred to "euphoria” in tuberculosis. 
The most significant difference in the present study was on the manic scale. 



Fig. 1. Percentage distribution of the tuberculous and control groups on tho manic 
scale of the Minnesota Multiphasic Personality Inventory. 



T- SCORES 

Fig. 2. Percentage distribution of the tuberculous and control groups of masculinity- 
femininity scale of the Minnesota Multiphasic Personality Inventory. 

The difference in masculinity-femininity is also highly significant, although the 
mean T-score for the tuberculous patients is well within normal limits. 

The following suggested explanation of these results is advanced, although 
only tentatively because of the size of the present sample. Tuberculous pa- 
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tients are in less acute discomfort due to their illness than are the other patients 
studied. It is possible that their lack of physical discomfort, together with 



T- SCORES 

Fig. 3. Percentage distribution of the tuberculous and control groups on the hypo- 
chondriasis scale of the Minnesota Multiphasic Personality Inventory. 



Fig. 4. Percentage distribution of the tuberculous and control groups on the depression 
scale of the Minnesota Multiphasic Personality Inventory. 


their enforced bed-rest, their highly nutritious diet including high vitamin intake, 
and their isolation from normal recreational pursuits, all combine to produce 
psychological drive to activity. The frustration to release of this drive only 
enhances its potency with a resultant state of hjiDerexcitability which is labeled 
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euphoria. From this lu^pothcsis also would follow the lower scores on depres- 
sion and hypochondriasis. Because they feel better and have less ph3"sical 
discomfort than other patients, thoj' are less preoccupied with physical symp- 
toms not directly related to their progress toward recoverr'. 

The higher femininity score maj' be a situational reaction to conditions under 
which thej' are frequentl}’ more dependent on nursing and medical attention 
than are other patients. 

This explanation is felt to be more parsimonious than others which attribute 
emotional sjTnptoms to actual poisons from the tubercle bacillus itself. Also 
the lack of correlation between the severity of emotional disturbance and sever- 
it3' of infection, though on a small population, argues against the latter theory. 

SUMMAKY 

Two groups, one composed of veterans with pulraonar3' tuberculosis and the 
other composed of veterans with chronic illnesses other than tuberculosis, were 
used in the present study. The groups were equated as far as possible for in- 
telligence, age, sex, hospitalization, chronic illness, and motivation. 

The Minnesota Multiphasic Personality Inventor3'^ was administered to both 
groups. 

The follouing results are indicated; 

( 1 ) Chronically ill patients in general deviate in the direction of maladjust- 
ment on each of the scales of the MhlPI. 

( 2 ) The tuberculous patients were found to be significantly more hypomanic 
and more feminine than other chronicall3'' ill patients. 

( 3 ) The nontuberculous patients were found to be more depressed and more 
h3’^pochondriacal than the tuberculous patients. 

( 4 ) No linear relationship between degree of emotional deviation and severity 
of tubercular infection was found to exist in the present data. 

It is felt that the differences found can be explained b3’’ the h3q)0thesis that 
tuberculous patients are made less uncomfortable by their illness than are other 
chronically ill groups. This, together with their nutritious diet and frustration 
to normal activity, combine to produce a state of heightened responsiveness 
which has been labeled euphoria. This explanation would also account for 
their lower scores on hypochondriasis and depression. 

SUMABIO 

Concomitantes Psicologicos de la Tuberculosis Pulmonar 

Para el estudio actual utilizdronse dos grupos: uno compuesto de veteranos 
con tuberculosis pulmonar y otro de veteranos con enfermedades crdnicas, dis- 
tintas de la tuberculosis. Los grupos fueron igualizados en todo lo posible con 
respecto a inteligencia, edad, sexo, hospitalizacidn, cronicidad de la enfermedad 
y mdviles. 

En ambos grupos se ejecutd el Inventario de la Personalidad Multifasica de 
Minnesota. 
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Los siguientes resiiltados quedan indicados: 

(1) Los enfermos crdnicos en general se desvlan en sentido de desajuste en 
todas las escalas del IPMM. 

(2) Los tuberculosos se mostraron significativamente mds Mpomaniacos y 
mds femeninos que los otros enfermos crdnicos. 

(3) Los no tuberculosos se mostraron mds deprimidos y mds hipocondriacos 
que los tuberculosos. 

(4) Los dates acopiados no revelaron ninguna relacidn lineal entre la intensidad 
de la desviacidn afectiva y la gravedad de la infeccidn tuberculosa. 

Parece que las diferencias descubiertas pueden explicarse por la hipdtesis de 
que a los tuberculosos los molesta mds la enfennedad que a otros enfermos 
crdnicos. Esto, unido a su dieta nutritiva y falta de actividad normal, produce 
im estado de hipersensibilidad que se ha rotulado con el nombre de euforia. Esa 
teorfa tambidn explicaria los menores coeheientes de hipocondria y depresidn 
en los tuberculosos. 
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THE RELATIONSHIP BETWEEN PHAGOCYTIC CELLS AND 
HUMAN TUBERCLE BACILLI ^ 

HUBERT BLOCH-" 

INTHODUCTION 

Although it has long been knowm that tubercle bacilli are readily phagocyted 
even in susceptible hosts, no unequivocal information is available concerning 
their further fate within the phagoc 3 d«s. There is some evidence that the bacilli 
exert an injurious effect on these cells (1, 7, 11, 18, 19, 20), but the significance of 
this effect in the establishment and progression of the infection remains obscure. 
Most studies dealing with the interactions between tubercle bacilli and leulcocytes 
have been aimed at recognizing differences in the leulcocjd.ic response between 
susceptible and immune animals (5, 12, 16, 21). 

The specific histological lesion of tuberculosis, the tubercle, can be produced 
by dead bacilli, b}”^ chemical fractions of bacilli, and even by some synthetic fatty 
acids. Thus, one of the most characteristic host responses is independent of the 
living functions and of the virulence of the parasite. Furthermore, attenuated 
or avirulent variants can under proper conditions cause lesions similar to those 
produced by \’irulent bacilli (8, 14). Although a^^^ulent variants of M. tuber- 
culosis thus possess some factors which play a part in pathogenicity, it is obvious 
that other factors are essential to the establishment of the infection as these 
variants caimot produce progressive tuberculosis in susceptible animals. 

The purpose of the present study was to compare the effect of virulent and 
avirulent forms of human tubercle bacilli on leulcocytes during the initial stage 
of the infection in the hope of recognizing differences which might have a bearing 
on the property of virulence. Indirect evidence has been obtained that the 
virulent bacilli can exert on polymorphonuclear cells a toxic effect, which results 
in leukocji;olysis. 

■ EXPERIMENTAL 

Male albino mice of the Rockefeller albino strain were used (15). They were infected 
by the intraperitoneal route. The susceptibility of these animals to tuberculous infec- 
tion has previously been described (15). The experiments were carried out with two 
variants of the human strain of tubercle bacillus H37 Ry, wrulent, and H37Ea, a\'iru- 
lent.® The micro-organisms were grown for one week in the Tween SO-albumin medium 
(4). They were then separated by centrifugation and resuspended in fresh medium. 

Uniform suspensions were thus obtained, which consisted of single cells or small ag- 
glomerates in the form of clumps or of "cords”, depending upon the rirulencc of the 
culture (13). Heaxy suspensions containing approximately 0.1 mg. drj' weight bacilli 
per ml. were injected in amounts of 1.0 ml. per mouse. 

* From the Laboratories of the Rockefeller Institute for Medical Research. 

* Fellow of the Swiss-American Center for Medical Exchange and Information. 

’ These str.aiiis were originally obt.ained through the courtc.sty of Mr. tV. Steenken of 
the Tradc.au Sanatorium. They have been subculturcd in our laboratory in the Tween- 
albumin medium. 
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The following determinations were made: (1) number of phagocytic cells in the exudate 
with and without enguKed tubercle bacilli; (S) number of free and intracellular tubercle 
bacilli in the exudate; (S) number of bacilli within the individual phagocytic cells. 

Attempts were made to obtain repeated samples of exudate from the same mouse in 
order to carry out the determinations at different intervals of time after injection of the 
bacilli. More satisfactory results were obtained, however, by the following method. 

Mice were killed at different intervals of time after infection and the peritoneal cavity 
was washed with 0.5 to 1.0 ml. amounts of a sodium citrate solution buffered at pH 6.9 
and containing 1 per cent glucose. Preparations of peritoneal washings of even density 
were stained by the Ziehl-Neelsen and Giemsa techniques. In order to obtain comparable 
aliquots of peritoneal exudate care was taken that the fixed omental cells be removed in 
roughly comparable amounts. One hundred to 200 leukocytes or bacilli were counted 
on each sh'de. Serial repetition of the same experiment gave reproducible results and the 
data presented in the tables represent average values of at least five parallel experiments. 

Initial Exvdate: The initial exudate consisted chiefly of polymorphonuclear 
leukocytes. Monocytes represented less than 10 per cent of the total white 
cells during the first five hours. As the results to be described deal chiefly with 
the course of infection during this period of time, they apply only to polymorpho- 
nuclear cells. 

Phagocytic index of the exudate: The experimental results summarized in table 
1 give the percentage of leukocytes containing tubercle bacilli at different inter- 
vals of time after injection of bacilli. They reveal that both virulent and aviru- 
lent bacilli are phagocyted readily by the leukocytes of the exudate. The slight 
decrease in phagocytic index observed during the later stages of these experi- 
ments in the mice infected wdth avirulent organisms may be significant as it is 
consistent with observations to be discussed later. 

It will be noted that even at the very beginning of the experiment, when bacilli 
greatly outnumber the leukocytes in the exudate, only about 10 per cent of the 
total leukocytes show phagocytic activity. The findings in these early stages 
clearly indicate that there is no difference whatsoever in primary leukotactic 
activity between virulent and avirulent bacilli. 

Quantitative relation between free and ’phagocyted tubercle bacilli in the exudate: 
The results summarized in figure 1 illustrate that at the beginning of the experi- 
ment both virulent and avirulent bacilli are taken up at the same rate by the 
phagocytes but that differences become manifest some four hours after infection. 
From then on, the exudates of mice injected with virulent organisms contain 
more free bacilli than those of animals having received the avirulent variants. 

Quantitative distribution of phagocyted bacilli ’within phagocytic cells: As the 
bacillar}’- suspensions used for intraperitoneal injections consisted not only of 
single bacilli but also of small clumps or “cords”, the phagocytes could engulf one 
or more micro-organisms at once. In figures 2 and 3, which are the mean of 10 
parallel experiments, are summarized the numbers of virulent and avirulent 
tubercle bacilli seen within the white cells of the exudate at different intervals of 
time after infection. Intracellular bacilli were easily demonstrable -within the 
first five hours. 
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The polymorphonuclear leulcocytes constitute more than 90 per cent of the 
exudate cells at the beginning of the infection. In mice infected with virulent 

TABLE 1 

Per cent of leukocytes which engulfed hacilli in the peritoneal exudates of mice inoculated with 
virulent {HS7Rv) and avirulent (HSTRa) tubercle bacilli 


The figures represent average values of 5 or more experiments 


HOtJES AITES INOCULATION 

PER. CENT OP PEAGOevne LEUKOCYTES IN THE EXUDATE OP MICE INOCULATED 

TVTTH 

H37Ra 

H37Rv 


per cent 

per cent 

1 

9 

11 

2 

16 

17 

3 

10 

10 

4 

7 

13 

5 

9 

11 

10 

7 

s 

15 

11 

13 

20 

6 

9 

48 

3 

10 

96 

1 

15 

192 

0 

7 



Fig. 1. Percentage of free (unphagocyted) tubercle bacilli in the exudate of mice during 
the first seventeen hours after inoculation of tubercle bacilli. 

0 — 0: H37 Ra (a\'irulcnt) ; X— X; H37 Rv (virulent). 

tubercle bacilli, the percentage of leukocj'tcs containing one or two micro- 
organisms increases with time. In contrast, the relative number of leukocytes 
containing a larger number of bacilli, ten and more, rapidly decreases during 
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the period of observation. In the case of the avirulent organisms the percentage 
of white cells containing many bacilli does not increase correspondingly but re- 
mains low throughout. 

Pen 

cent 



lhour> 2houp£ 3 hours 4 hours 5 hours 


Fig. 2. Intracellular distribution of virulent tubercle bacilli (H37Rv) one to five hours 
after inoculation. 

f,-> Each column represents the percentage of leukocytes in the exudate containing the 
number of tubercle bacilli indicated by the numerals on the abscissae. 

Per 

cent 



1 hour Z hours 3 hours 4 hours 5 hours 


Fig. 3. Intracellular distribution of avirulent tubercle bacilli (H37Ila). Symbols as in 
figure 2. 

Experiments with avirulent bacilli grown in the presence of chick embryo extracts: 
It has been shown in a preceding paper (2) that addition of chick embryo extracts 
to culture media alters the tjTpe of groniih of the avirulent strain H37Ila of 
human tubercle bacilli, causing them to form “cords” similar to those produced 
by virulent strains. The behavior toward phagocytic cells of avirulent bacilli 
grovm in the presence of chick embryo extract was determined by injecting bacilli 
under conditions similar to the ones used in the e.xperiments recorded earlier in 
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the present paper. Care was taken in particular to use bacterial suspensions 
containing cell agglomerates no larger than those present in suspensions of H37Ra 
and H37Rv grown without embryo extract. 

The results recorded in figure 4 illustrate that the distribution pattern in the 
phagocytic cells of H37Ra bacilli grown in presence of chick embrjm extracts, 



?vsv<ic><b.o.Q 


Ihoun 


2 hours 


5 hours 


3 hours 4 hours 

Fig. 4. Intracellular distribution of avirulent tubercle bacilli (H37Ra) grown in the 
presence of 0.5 per cent chick embryo extract. Symbols .as in figure 2. 


TABLE 2 


Per cent of levkocyies containing tubercle bacilli, and of free {unphagocylcd) tubercle bacilli in 
the peritoneal exudate of mice injected xcith avindent (,HSTRa) and virulent {IISTRv) 

variants of tubercle bacilli 


OAVS ATOK iKJlCnO?? j 

) 

IXX CtST 07 

Ltutocytes containing tubercle bacilli 

Free (unpbagocyled) tubercle bacilli 

H5rRa 

1 Hi?Rv 

j H37Ra 

H37RV 

1 

1 

7 1 

i ® 

i 0 

12 

2 

s i 

1 12 

! 1 

20 

■1 

3 j 

! 5 

0 

1 9 

s 

1 2 ! 
1 ! 

! o 

0 

26 


although not identical with that presented by the virulent H37Rv, is ver 3 ' similar 
to it. Nevertheless, the rate of decrease of the numbers of phagocjdic cells con- 
taining large numbers of bacilli is somewhat faster than in the case of the gen- 
uinely virulent strain. 

Observations during later stages of infection: The phenomena thu.s far described 
occur within the first five hours following injection, at a time when the exudate 
consists chiefly of polj*morphonucIear cells. Vifhcn c.vudates are studied after 
more prolonged intcr^-als of time, the main difference observed between virulent 
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and avinilent bacilli consists in a more complete disappearance of the latter. 
This is equally true for phagocyted and for extracellular bacilli (table 2). 

Preliminary obser\'^ation has also been made of the effect of injecting bacillary 
suspensions into preformed exudates induced by injecting casein or 0.85 per cent 
saline twenty-four to forty-eight hours prior to the infection. These exudates 
contained larger numbers of mononuclear phagocytes. Only barely detectable 
differences in their behavior toward virulent and avirulent strains were observed. 

DISCUSSION 

The data presented in figure 1 and table 1 show that virulent and avirulent 
bacilli are phagocyted at the same rate during the initial stage after intraperi- 
toneal injection into white mice. The difference in effect of the two bacillary 
forms, however, is revealed by the fact that unphagocyted bacilli were found 
throughout the whole period of observation in the exudate of animals infected with 
virulent bacilli but not in the case of the avirulent variants. In order to account 
for this observation, it is necessary to assume either that the virulent bacilli start 
multipljdng outside the cells shortly after injection, or that they are constantly 
being released from the phagocytic cells which have engulfed them. 

There are several reasons which favor the latter hypothesis. It is known that 
virulent tubercle bacilli grow in a characteristic parallel arrangement forming 
serpentine cords not only in culture media, but also in tissue cultures and in the 
peritoneal exudate of guinea pigs (11, 13, 21). In the present experiments such 
a parallel arrangment was not observed in the case of the extracellular bacilli 
during the first hours after injection. Indeed, the small cords which had been 
injected rapidly disappeared from the exudate. The bacillary cords were en- 
gulfed by the leukocytes and could be detected within the cells for a short time 
following phagoc 3 dosis. Then the white cells containing these bacillaiy cords 
disappeared from the preparation, leaving poorly stained shadows of cellular 
protoplasm in which the bacilli had increased in number. At that time the 
bacilli were no longer arranged in cords but were found to lie helter-skelter within 
the protoplasmic mass. Thus it appears that the bacillary cords are disrupted 
as a result of phagocytosis and that more or less simultaneously the leukocytes 
undergo lysis and release the bacilli as isolated organisms into the exudate. It 
is only in the later stages of infection, after four to five days, that cords can 
again be seen in the exudate. This corresponds to an observation made by 
Woodruff in guinea pigs (21), and the bacillary cords may represent organisms 
which have grown in the extracellular fluid. 

The findings concerning the quantitative intracellular distribution of the 
virulent bacilli are in agreement with this h 3 y)othesis. It was observed that the 
high initial percentage of cells containing a large number of bacilli decreases 
rapidly, apparently in consequence of the lysis of these leukocytes. The increase 
in percentage of leukocjrfces containing only one or two bacilli might result from 
the fact that the breakdown of the bacillary cords would release isolated bacilli 
now available for phagocytosis as single cells. 

The fate of the avirulent bacilli is in striking contrast to this situation. The 
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proportion of phagocytic cells containing large numbers of bacilli never was high, 
probably because these phagocytes, uninjured by their content, disappeared from 
the exudate and became fixed to the omental surface or found their way into the 
lymphatic channels. It is possible that the decrease in the percentage of cells 
containing only one or two avirulent bacilli, as contrasted with a relatively 
constant number of leukoc 3 ’'tes with larger numbers of micro-organisms, resulted 
from the fact that leukocytes are not damaged by the bacteria which they have 
taken up and can engulf more of them before they are removed from the exudate. 

Finally, the behavior of the avirulent bacilli grown in the presence of chick 
embryo extracts can be interpreted by assuming that, like the virulent forms, 
they exhibit a certain degree of toxicity for the white cells. Although not able 
to establish a progressive disease, these bacilli have been shown to possess some 
of the properties of the virulent strain (2). 

The reactions which have been described occur at a comparatively slow rate 
and their significance will become apparent only when parallel observations are 
made vdth the simultaneous use of virulent and avirulent strains. Although 
the conditions used in the present study do not occur under natural circum- 
stances, it is possible that similar phenomena occur when polymorphonuclear 
leukocytes meet the invading organisms in the natural disease. It seems also 
worth mentioning in this respect that the lytic breakdo^vn of the leukocytes may 
result in the liberation of products, sphingomyelin, for example, which facilitate 
the fvurther proliferation of tubercle bacilli (3). 

It should be emphasized that polymorphonuclear leulcocytes are predominant 
only during early stage of the inflammatory process, and that the mononuclear 
leukoc 3 dies which dominate the field after the initial period are also able to engulf 
the tubercle bacilli and probably to destroy them (6, 9). Nevertheless, the 
occurrence of extracellular organisms, even at the stage of monocytic predom- 
inance, suggests the possibility that virulent tubercle bacilli can exert some toxic 
effect on the monocytes as well as on the polymorphonuclear cells. In the course 
of tuberculous infection, the phagocytic power of the monocytes varies according 
to the level of allergy (10), and their ability to destroy bacilli is subject to simul- 
taneous variation. The resistance of the monocyte toward the tubercle bacillus 
may not therefore be an absolute one, especially in the nonimmune animal. 

SUMMABT 

A study has been made of the comparative effects on phagocytic cells in the 
peritoneal e.xudate of mice of a virulent culture (H37Ilv) and an avirulent vari- 
ant (H37Ila) of the same strain of human tubercle bacilli. 

Both virulent and avirulent bacilli were taken up at the same rate by poly- 
morphonuclear cells during the initial stage of the mfection. 

Extracellular bacilli could still be seen several hours after injection, however, 
in the peritoneal exudate of animals which received the virulent bacilli, whereas 
avirulent bacilli could be fohnd only in the intracellular phase. 

The observed facts suggest that the virulent bacilli (but not the avirulent 
variants) can exert on the polymorphonuclear cells which have phagocyted them 
a lytic effect which results in the release of the bacilli into the extracellular fluid. 
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smiAEIO 

La Relacidn enire Fagociios y Bacilos Tubercuhsos Humarws 

Este estudio versa sobre el efecto comparado de un cultivo virulento (H37Rv) 
y una variante avirulenta (H37Ra) de la roisnia cepa de bacilos tuberculosos 
humanos sobre los fagocitos en el exudado peritoneal de los ratones. 

Durante el perlodo inicial de la infeccidn tanto los bacilos virulentos como los 
avirulentos fueron ingeridos en proporcidn igual por los polimorfonucleares. 

Sin embargo, varias boras despuds de la inyeccidn, todavia podian observarse 
bacilos extracelulares en el exudado peritoneal de los animates que recibieron los 
bacilos virulentos , en tanto que los avirulentos s61o se podian ballar en la fase 
intracelular. 

Los becbos observados indican que los bacilos virulentos (pero no las variantes 
avirulentas) pueden ejercer sobre los polimorfonucleares que los ban fagocitado 
un efecto lltico qne da por resultado la bberacidn de los bacilos al llquido extra- 
celular. 
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THE EFFECT OF IRON ON EXPERIMENTAL TUBERCULOSIS^'^ 

ROBERT G. BLOCH. GEORGE GOMORI, 

AND MARJORIE SPERRY-BRAUDE 

INTRODUCTION 

Experiments in the chemotherapy of tuberculosis suggested the use of chem- 
icals which could carry chemotherapeutic agents into the avascular caseous 
tuberculous areas. As these necrotic lesions are the chief harbors of tubercle 
bacilli and hence are the chief sources of distribution of new disease, the chemical 
attack against them is of the utmost importance. 

In a series of publications, V. Menkin (1, 2, 3, 4, 5) reported the penetration of 
iron into caseous centers of tuberculous areas in rabbits when injected intra- 
venously in the form of a 0.25 per cent solution of ferric chloride. The presence 
of iron in the tuberculous organs was demonstrated by the Prussian blue stain. 
Menkin also observed an inhibitory effect of iron on the development of experi- 
mental tuberculosis. 


EXPERIMENTAIi 

On the basis of Menkin’s observations, the following experiments were carried out: 
Tuberculous infection in 20 rabbits was produced by subcutaneous inoculation in the 
groin of 1 mg. of bovine bacilli (Ravenel strain). The animals were divided into four 
groups and treated in the following manner: 

Group I (4 rabbits) received intravenous injections of ferric ammonium citrate U. S. P. 

Group n (4 rabbits) received subcutaneous injections of streptomycin. 

Group in (6 rabbits) received intravenous injections of ferric ammonium citrate plus 
subcutaneous injections of streptomycin. 

Group rv (6 rabbits) served as controls. 

The injections of both iron and streptomycin were begun fourteen days after inocula- 
tion, Through the use of iron in the citrated form venous thrombosis was avoided and 
the injection of the chemical in much higher concentrations than those used by Menkin 
was possible. 

The 10 animals in Groups I and III were treated with the iron compound on the fol- 
owing schedule: 

The total amount of iron received by each animal was 790 mg. This is about two and 
a half times the largest dose given by Menkin to one of his rabbits (318 mg.) and almost 
seven times the average dose (114.5 mg.) which he administered in varying amounts to a 
Itotal number of 67 rabbits in five of Ins experiments. 

The schedule of streptomycin administration to the 10 rabbits in Groups II and ITT 
was as follows: 

(a) first period of treatment, 50 mg. daily for ten days followed by a ten-day interval; 

I Prom the Division of Pulmonary Diseases, Department of Medicine, The University of 
Clncago, Chicago, Elinois. 

* This study was aided by a grant from the Division of Research Grants and Fellowships 
of the National Institute of Health, U. S. Public Health Service, 
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TABLE 1 


Findings of iubcrcnlosis on 7nacroscopic and 7nicroscopic cxa7mnafion 
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* Day after inoculation on -whicli animal died Bpontoneously. 


(b) second period of treatment, 50 mg. daily for nine days followed by a ten-day in- 
terval; and 

(c) third period of treatment, 75 mg. daily for seven days. 

The total dose received by each rabbit was 1,475 mg. 


Day 

Amaunl 

Per cent eoncenlralian 

1 

1 CC. 

0.5 

2 

2 CC. 

0.5 

3 to 7 

5 CC. 

0.5 

S 

5 CC. 

1.0 

9 to 26 

5 CC. 

5.0 


The animals were killed after sixty-tliree to sixty-six days. Rabbits in which death 
occurred spontaneously are designated in table 1 by the number of da3's elapsed from 
inoculation to the time of death. 


COMMENT 

The findings, although not wholly conclusive in this small number of animals 
indicate that streptomycin alone had a definite and as much an inhibitory effect 
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on the development of tuberculosis as the combination of streptomycin with 
injections of the iron compound. The treatment by the latter alone resulted in 
only slight inhibition, if any. 


Fig. 1 



Fig. 2 Fig. 3 


Fig. 1. Surface view of the tuberculous lung of a rabbit. Prussian blue reaction. The 
intense surface staining of tubercles indicated by arrows. 

Fig. 2. 'Section of lung shown in figure 1. The Prussian blue reaction was repeated on 
this slide to show iron deposits in the depth of tissues; only the pleural surface and super- 
ficial lymphatics stained. 

Fig.- 3; Section of tuberculous lymph node stained as in figure 2. The caseous central 
area remained free of iron. 

The penetration of iron into the caseous centers of tuberculous lesions could 
not be verified by these experiments. Although the impregnations with Prus- 
sian blue resulted in similar surface staining of the tuberculous areas (figure 1) 
to that demonstrated by Menkin, it became apparent that the staining effect 
was confined to the pleural deposits of fibrin and to the superficial lymphatic 
elements, but failed to enter the caseous centers of tuberculous lesions (figure 
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2 ). Likewise, the caseous ai-cas in tuberculous l 3 TOph nodes remained free of 
iron (figure 3). 


SUMMAUY 

The results of these experiments on the penetration of caseous lesions bj" iron 
substantiate the findings of Steinmann (0), who was unable to verif.v iNIeukin’s 
claims. Menkin (7) contended that the difference u’as due to Steinmann’s use 
of a “totallj' difi'erent iron compound” and of the oral route of introducing the 
iron rather than bj" intravascular injection. This olijection cannot i)e applied 
to the present exiicriments for, as in Menkin’s, the iron was injected bj' the intra- 
venous route onl.v and a true iron salt was used. Tlic Ijchavior of feia-ic ammo- 
nium citrate is essential!}’’ tlic same as that of ferric chloride, except that in the 
former iron will jn-obabby circulate in the blood longer than in the latter, owing 
to the prevention of precipitation b}- citrate ions. 

SUMAIIIO 

El Efcclo (Id Hierro sohre la Tuberculosis Expcrimcnial 

Los resultados de estos experimentos referentes a la penetracion de las lesiones 
caseosas por el hierro apoj’aii los hallazgos de Steinmann ( 6 ), quien no piido 
comprobar los asertos de hlenkin. Arguj’d hlcnkin (7) que la diferencia se debfa 
al empleo por Steinmann de un “compucsto fdrrico absolutamente distinto” .v 
a la introduccion oral del hierro mSs bien que por inj'eccidn intravascular. Este 
repavo no veza con los experimentos actuales, pues lo mismo que on los de Menkin, 
el hierro fu4 in 3 ’ectado exclusivamente por via endovenosa 3 ' se utilizd una 
verdadera sal f4rrica. El comportamiento del citrato f^rrico-amdnico es esencial- 
mente id^ntico al del cloruro f^rrico, salvo que, con el primero, el hierro circulara 
probablemente mas tiempo en la sangre que con el ultimo, debido a impedirse la 
precipitacion por 3 ’ ones de citrato. 
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THE PREVENTION OF PRIMARY TUBERCULOUS INFECTIONS 
IN MEDICAL STUDENTS^ 

The Autopsy as a Source of Primary Infection 
GORDON M. MEADE* 

INTRODTJCTION 

The occurrence of several cases of clinical pulmonary tuberculosis in the 
student body of the Universitj'' of Rochester School of Medicine and Dentistry 
prompted a study to determine, if possible, the sources of infection. One of the 
striking findings of this study was an indication that in this particular medical 
student body a chief source of primary infection was the autopsy. This paper 
will deal with those findings and the success achieved in reducing such mfection 
by elimination of student contact with tuberculosis autopsy material. 

OBSERVATIONS 

Methods of Preliminary Study 

From the beginning of the study (September 1937) Mantoux intradermal 
tests were performed -with two strengths of PPD (0.00002 and 0.005 mg,). 
All students were tested initially on their entry to the school. On all those who 
did not react, the test was repeated every four months and, since March 1943, 
everj’’ three months, imtil a definite positive reaction was obtained, or until 
graduation if they remained negative. Equivocal reactions were regarded as 
negative and testing continued routinely until a definitely positive reaction 
was obtained, or throughout the period of the study. The minimal criterion 
for a positive reaction was the usual one of 5 mm. or more of induration. Ery- 
thema alone was considered a negative reaction. 

Results of Preliminary Study 

In figure 1 may be seen the changes in percentage of positive reactors in each 
class during its four academic 3''ears. It was ob\’ious when the first analysis of 
the tuberculin tost results was made in early 1943 that the most strildng increase 
in the percentage of positive reactors occurred during the second academic 
year. In figure 1 may also be seen the composite picture of the average annual 
percentage increases in the classes of 1938 through September 1944, inclusive. 
It should be noted that during the war j'cars an academic j’ear was nine months 
instead of twelve but the periods of c-v-posure were unchanged in length as the 
length and content of the various curriculum courses were not altered. 

* From the Department of Medicine and Department of Bactcriologj' of The University 
of Rochester School of Medicine and the Medical Clinic of the Strong Memorial and Roch- 
ester Municipal Hospitals, Rochester, Now York. 

* AsslMant. Professor of Medicine, University of Rochester School of Medicine, Roch- 
e.stcr, Now York; at present, iVssoeiatc Medical Director, Trudc.’su .•^nnatorjum, Trudeau, 
New York. 
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The average percentage of positive reactors on entrj- to school for these classes 
was 42.6. During the first j’^ear this percentage rose to 54.2 by its close. By 
the end of the second year the average percentage of those who reacted positively 
rose to 92. Thereafter there -were slight increases to 96.6 at the end of the third 
year, and 97.1 at the end of the fourth year'. The same data are treated in a 
different fashion in figure 2 which contains the percentage of all those students 
originally negative on entrj’^ to the school who became positive during each 
school year. Again the preponderance of increase in the second year is evident. 
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Fig. 1. Changes in percentage of positive tuberculin reacting students. Comparison of 
precontrol (tuberculosis autopsies) period classes with control (no tuberculosis autopsies) 
period classes. 


Possible Sources of Second Year Primary Infection 

Accepting the universal concept that conversion of tuberculin reaction from 
negative to positive indicates the occurrence of a primary tuberculous infection, 
it appeared from this analysis that somewhere in the second year there existed a 
significant source of primary infection. Therefore, it seemed pertinent to make 
the second year the first concentration point for a study of possible infection 
sources. 

Witbin tbe school the most likely sources of infection during the second year 
were the courses in bacteriology, pathology and phj-sical diagnosis. Tbe 
first was fairly well eliminated from consideration because it was a routine 
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practice to use only heat-killed tubercle bacilli for class demonstrations; use of 
this material was closely supervised and was limited to two morning sessions. 
The course in physical diagnosis took place only during the last sue weeks of 
the school year and subsequent to the period when detailed study showed that 
the great majority of the conversions had already occurred. Furthermore, 
cases of tuberculosis were veiy seldom used in teaching this subject. f] 

The most probable source of infection, other than accidental, seemed to be 
the exposure of students to tuberculous tissues studied in the course in pathology . 
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Fig, 2. Percentage of originally negative reacting students who became positive. Com- 
parison of precontrol (tuberculosis autopsies) period classes with control (no tuberculosis 
autopsies) period classes. 


The course ordinarily began the last week in November and continued through 
the first week in May, covering twenty weeks of study or exposure time. The 
marked increase in the percentage of positive reactors had taken place by 
February or March, some time before the end of the course in May. 

During the course the classes of 40 to 60 students were divided into groups 
of four who were on call in rotation to participate in all autopsies. Students 
donned gown, apron and gloves but did not wear masks, and they actively 
assisted a department member in performing the autopsy. The student as- 
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sistants helped to remove, open, section, clean and examine all the organs. They 
were instructed on how to remove contaminated gloves and aprons but were not 
supervised after the initial instruction. In addition to assisting in autopsy 
performance, all students were given the opportmiity once each week to handle 
and examine all tissues from the autopsies of the previous week, including those 
on tuberculous subjects. This material was unembahned, refrigerated, and 
displayed in open pans about the autopsy room and students were encouraged 
to feel and examine the specimens closely. Thus, there was an opportunity for 
all students to have close contact with all the tuberculous material from autopsies 
performed during the course in pathology. 

All autopsies for the local county tuberculosis sanatorium and the Strong 
Memorial and Rochester Municipal Hospitals were done by the Department of 
Pathology with medical students assisting. Those from the Strong hlemorial 
and Rochester Municipal Hospitals included some on persons d3’ing of tuber- 
culosis. During the years covered by the study there were, on the average, 
13 to 14 autopsies performed each year during the pathology course on tuber- 
culous subjects with which students had opportunity for contact in the manner 
described. 


Eliniinaiion of Tuberculosis Autopsies 

Admittedly the evidence for a relationship between the high second year 
tuberculin conversion rate and the contact with tuberculosis autopsy material 
was of an indirect nature. It seemed sufficiently striking, however, to warrant 
a trial period during which all such contact would be eliminated. Therefore, 
beginning in May 1943 with the class which graduated in June 1945, students 
were not allowed to participate in autopsies on known cases of tuberculosis. 
If an unsuspected case of tuberculosis was discovered at autopsy, they were 
excused from further participation. No tuberculous material was placed out 
for general examination and handling at the weekly fresh-tissue study periods. 
Instead the specimens were demonstrated by an instmctor. 

After this policy was adopted, there occurred a marked reduction in the num- 
ber of tuberculin conversions among the students. Referring again to figure 1, 
it may be seen that the increase in the percentage of positive reactors in the 
second year was greatly reduced. Although some of the primary infections have 
been postponed to the third and fourth years, the final percentage of positive 
reactors is now only slightly more than half what it was previously. 

It may be seen in figure 1 that in the classes affected by the new autopsy policy 
the positive reactor percentage at entry averaged 32.3; at the end of the second 
year it had risen only to an average of 38.8; and bj'- graduation the average had 
reached only 51.9 as compared with 97.1 in the pre^^ous classes. In figure 2 
may be seen the reduction in the percentage of originally negative reactors who 
converted during the second year wliich followed the change in policy. 

As contact with autopsy room tuberculous material was the only factor elimi- 
nated or altered, it seems reasonable to conclude that the relationship to the 
lowered conversion rate is a real one. 
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Another expression of this relationship is presented in table 1. The number 
of tuberculosis autopsies, the number of tuberculin conversions and noncon- 
versions occuring in second year students are compared for the two periods 
the tuberculosis autopsy or precontrol period and the no tuberculosis 
autopsy or control period). The number of autopsies to which students were 
exposed in the ways previously mentioned was determined by careful examina- 
tion of records and protocols of the Department of Pathology. The only 
autopsies included in the count were those in which students participated or 
had access to the material during the course, and in which there was open tuber- 
culosis listed as a primary cause of death as proven by the postmortem findings. 

In the precontrol period covered by the study there were 81 autopsies on 
tuberculous subjects. Of 139 students (in six classes) who were tuberculin 
negative at the start of the second year and were retested through the year, 
there were 112 who became tuberculin positive and 27 who remained negative. 
When students did not have close contact with autopsy material from tuber- 

TABLE 1 


Comparison of number of tuberculosis autopsies, tuberculin conversions and nonconversions 
in second year students in precontrol and control periods 



NUMBER or 
TUBERCULOSIS 
AUTOPSIES 

1 

NUMBER OP 1 
TUBERCULIN 1 
CONVERSIONS 

NUMBER OF 
TUBERCULIN 
NONCONVEE- 
SIONS 

NUMBER OP 
STUDENTS 

Precontrol (tuberculosis autopsy) pe- 
riod (6 classes) 

81 

112 

1 

27 

139 

Control (no tuberculosis autopsy) pe- 
riod (4 classes) 

0 

6 

150 

156 

Totals 

81 

118 

177 

295 


culous subjects (control period), out of 156 negative reactors (in four classes) 
only 6 converted and 150 remained negative. 

The deviation of the observed number of conversions and nonconversions in 
the control period from the expected values (based on precontrol period values) 
is of ovenvhelming statistical significance. 

DISCUSSION 

The experience presented above is not without precedent. Hedvall (1) 
noted an excessive tuberculosis morbidity among medical students as compared 
irith students in philosophy, theologj’’ and law, even though the percentage of 
negative reactors on entrj’- was generally the same and the liidng conditions were 
equivalent. He found that medical students themselves had long suspected 
that the course in general pathology constituted a source of tuberculous infec- 
tion. An investigation was made to determine during ivhich course the originally 
tuberculin negative students became positive. In 16 of 47 cases of primary 
infection found during the study there was felt to be a significant connection 
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between the course in general patbologj’’ and the appearance of the primaiy 
infection. Thorough and repeated e.^minations of the autopsy rooms for the 
presence of tubercle bacilli disclosed that, in spite of all precautions as regards 
cleanliness during the postmortem examinations, tubercle bacilli were recover- 
able from the rooms and from different objects such as towels, traj's, and dust 
on the autopsy tables, twenty-four hours after an autopsy on a tuberculous 
subject. As a result of these findings, Hedrall introduced more stringent pre- 
cautions and limited necropsj’’ examination of tuberculous patients by students 
as much as possible. The result during the first two years showed that for the 
first time all tuberculin negative reactors at the beginning of the course were also 
negative at its conclusion. 

Morris (2) is convinced from her e-xtensive experience with students at the 
Women’s Medical College in Philadelphia that "At least one serious source of 
tuberculous infection for medical students lies in their participation in autop^ 
procedure on tuberculous cases and in attendance at prolonged sessions in the 
autopsy rooms." 

The fairly frequent occurrence of tuberculomas of the skin in pathologists 
before the use of protecth’'e gloves is well knonm and attests to the reality of 
the autopsy as a source of infecting organisms. 

Sloan (3) has sho\\m that during routine examination of tuberculous lungs at 
autopsy, tubercle bacilli are projected for at least eight inches into the air from 
the tissues during slicing and handling. Sterile, clean glass plates were placed 
above the specimens during the examinations and tubercle bacilli were then 
recovered from them b}’’ culture. 

The desirability of preventing primary infection of medical students nith 
tubercle bacilli would seem to be unquestionable. It may be argued by some, 
however, that tuberculous infection in physicians is inevitable, that primar}’’ 
infections in young adults are innocuous and self-limited, and therefore preven- 
tive efforts are pointless. Such a vienpoint seems unsound on several counts. 

First, while it is true that some of the students who succeed in graduating 
with negative tuberculin reactions may acquire infections later on in hospital 
residency or practice, it seems distinctty possible that the chances of this late 
infection, particularly after the hospital residency period, are definitely less 
than dm’ing the undergraduate period. Many will have little more contact 
with tuberculous persons than the lay indmdual, especially those who go into 
research, administrative fields and some types of practice. Studies on this 
point are desirable. Studies are now in progress on the students in this school 
who were tuberculin negative at graduation and who have remained for resident 
training in the Strong Memorial and Rochester Municipal Hospitals to deter- 
mine what percentage become tuberculin positive during their services and 
when and where infection occurs. To date the group available for studj’' is 
small but of 14 such individuals followed for periods up to three years there has 
been only one conversion. This occurred in a pathology intern who was nega- 
tive to both strengths of PPD two weeks before graduation. Three weeks later 
he began ser%dce in pathology and two and one-half months subsequently he 
gave four plus reaction to second strength PPD. A chest roentgenogram ob- 
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tamed one week later showed a soft exudative lesion in the left lung which did 
not respond to bed-rest, progressed and required pneumothorax therapy. On 
the basis of experiences of this sort, an attitude of acceptance of the certainty 
of primary infection without attempts at prevention seems indolent and de- 
featist. 

Secondly, primarj'^ infections of natural origin are caused by an unknown 
dosage of tubercle bacilli of undetermined virulence and may lead to tuberculous 
disease, either immediately or later. Prevention of such uncontrolled infec- 
tions will allow substitution in exposed individuals of a controlled type, as with 
BCG, without the risk of disease development and with the production of an 
increased resistance to \irulent infections if they subsequently occur. 

Third, the argument as presented by Myers, Diehl and Boynton (4) that 
primary infections in jmung adults are innocuous and self-limiting is by no means 
alwa3’'S true in the waiter’s experiences. A detailed report of these experiences 
is in preparation. Several investigators, such as Malmros and Hedvall (5), 
Frostad (6), Hedvall (7), and Malmros (8) agree that, w'hile adult primary 
infections usuallj’^ are nonprogressive and nonproductive of symptoms or roent- 
genographic changes, they not infrequently are “progressive and malignant.” 
Malmros (8) states that the view is becoming more and more prevalent in 
Scandinavian countries that the majority of cases of pulmonary tuberculosis 
are a direct consequence of late primary infection. Pinner (9) recently gave a 
concise discussion of the importance of late primary infection in the develop- 
ment of progressive pulmonary tuberculosis. If in any -way it is possible to 
avert the occurrence of even a verj’’ few' such progressive, destructive lesions in 
young physicians, efforts to prevent primary infection are w'orthwhile. Further- 
more, the possibility that, by eliminating a source of primary infection, a source 
of secondary infection may also be eliminated cannot be disregarded. 

Even granting that but a very few of the primary infections have an unfavor- 
able end result, it is callous and shortsighted to use this as an argument against 
attempting to prevent them. Unfortunately, there is no method available at 
the present time by w'hich it is possible to determine at the onset which of these 
primary infections will progress and which wall not, which require treatment and 
which do not. It is therefore necessary to render treatment to all of them, or 
at least to effect a marked modification of the patient’s living regimen. As a 
result of labeling a student with the diagnosis of tuberculosis, there are powerful 
factors detrimental to his development which come into play, of which the 
roentgenogram alone gives no conception, whatever else it may disclose. It 
gives no measure of the lost time, the financial expense, the altered life plans, 
the frustrated ambitions, the deterioration of general physical status (and at 
times emotional), and the ever-present fear of relapse w'hich result when a 
student develops this disease. 

In this study it w'as possible to reduce markedly the number of primary in- 
fections by elimination of contact with tuberculous tissues. As will be reported 
elsewhere, there was also a striking concomitant reduction in the incidence rate 
of tuberculous disease. 

It is not the intent of this report to maintain that all or the major number 
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of cases of medical student tuberculosis arise from primary infections acquired 
during courses in pathology. This study suggests, however, that at least in 
one school of medicine the autops}'’ room was an important source of primary 
infection and hence of tuberculous disease. It is suggested that other schools 
of medicine might profitably institute similar studies and practices. 

SUAIMARY 

1. An intensive tuberculin testing program in a medical school with a high 
student tuberculin conversion rate and tuberculosis incidence rate revealed 
that the majority of primar}’’ infections (as evidenced by tuberculin reaction 
conversions to positive) were occurring during the second academic year. 

2. Because contact with tuberculous tissues during the course in pathology 
seemed to be the most likely source of infection during the second year, all 
participation in tuberculosis autopsies and handling of tuberculous tissues by 
second j’^ear students were eliminated. 

3. Prior to this change of policy the average percentage of positive reactors 
in each class at the end of the first year was 54.2; and by the end of the second 
year it was 92. Following this change of polic}’^ the average percentage of posi* 
tive reactors in each class at the end of the first year was 36.4; by the end of the 
second year it was 38.8, and by the end of the fourth year it was only 51.9. A 
marked reduction in the number of primal^’- infections during the second year 
had occurred. 

4. The desirability of preventing primary tuberculous infections in medical 
students is stressed and the suggestion is made that other schools of medicine 
may find a like situation exists if similar investigations are made. 

SUMARIO 

Prevendon de las Infecdones Tuberculosas Priniarias en los Estvdiantes de 

Medidna 

1. Una intensa obra de comprobacidn con tuberculina en una facultad de 
medicina con elevados coeficientes de virajes en la reaccidn a la tuberculina y de 
incidencia de tuberculosis en los estudiantes reveld que la maj'-orla de las infec- 
ciones primarias (segdn denotaba el viraje de las reacciones tubercuhnicas a 
positivas) ocurrian durante el segundo ano acaddmico. 

2. Por parecer que el contacto con tejidos tuberculoses durante el curso en 
anatomla patoldgica era la causa mds probable de infeccidn durante el segundo 
ano, elimindse toda participacidn de los estudiantes de segundo ano en las autop- 
sias de tuberculoses y en la manipulacidn de tejidos tuberculosos. 

3. Antes de este cambio de sistema, el porcentaje de reactores positives en 
cada clase al terminar el primer ano promediaba 54.2; y a fines del segundo ano, 
92. Despuds del cambio, el porcentaje de positives en cada clase al terminar 
el primer ano promedid 36.4; a fines del segimdo ano, 38.8, y al final del cuarto 
ano, sdlo 51.9. Durante el segundo ano habia ocurrido ima decidida disminucidn 
en el ndmero de infecciones primarias. 
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4. Rccdicasc la importancia dc impcdir las infcccioncs tuberculosas primarias 
en los csludiantcs de medicinaj o indicasc quo otrns cscuclas de mcdicina pucdcn 
descubrir situacioncs parccidas si llcvau a cabo invcstigaciones semejantcs. 

Achnmctcdgmcnl 
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EinarLio during the cjirly part of this study. 
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TUBERCULOSIS AMONG PHILADELPHIA FOODHANDLERS'-^ 
IvATHARINE R. BOUCOT* an'd MARTIN J. SOKOLOFF* 
INTRODUCTION 

Case-finding is the ke 3 ’’stone in an 3 ’’ adequate program for tuberculosis control 
vfith mass radiography a very effective technique for screening purposes. Sur- 
vej'^s are being conducted on large population segments in industry, hospitals, 
schools, prisons, and on a community level. The administrative problems of 
roentgenography and reporting have been perfected, but total response of com- 
munities and adequate clinical follow-up remain problems. 

Because annual physical ex’amination is a requirement for licensure on some 
43,000 Philadelphia foodhandlers, it was obidous that, were chest roentgeno- 
grams added to the medical requirements, a survej’' could be set up in which 
a 100 per cent response would automatically result. In addition, the studj' 
would'be unique in that legal power would be available to ensure clinical follow- 
up on all significant cases. 


METHOD 

On January 13, 1947, the Division of Tuberculosis of the Department of 
Health inaugurated a program of annual chest roentgenograms on all food- 
handlers. A chest roentgenographic station ivas opened on that date. The 
basic Act of Assembty, approved by the Penns 3 dvania State Legislature on Ma 3 ’ 
23, 1945, defines a foodhandler as an employee of an 3 ’’ kind in a public eating or 
drinldng place who, in any manner whatever, handles or comes in contact ivith 
any food or drink sen’-ed to or provided for the public, and the proprietor or any 
member of the proprietor's family who handles said food or drink. Thus, the 
definition is extremely broad. All physicians registered to examine foodhandlers 
were notified that, following completion of their examination, it would be their 
duty to instruct the foodhandlers to present themselves to the foodhandlers' 
roentgenographic station where a photofiuorogram would be taken without 
charge. No foodhandler’s certificate is valid unless the date of the chest roent- 
genogram is officially marked thereon. 

The 70 mm. photofluorograms are read daily b 3 ’- a certified radiologist. The 
United States Public Health Sendee classification is used in interpretation of 
the films. As the primary purpose of these sun’^eys is the detection of infectious 
tuberculosis, all shadows are interpreted as tuberculous which could conceivabty 
be tuberculous. According to this philosophy, a significant number of films 
read as tuberculous are ultimately proved to be nontuberculous, but it is rmusual 

1 From the Department of Public Health, Philadelphia, Pennsylvania. 

* Presented before the New York Tuberculosis and Health Association Annual Meeting, 
May 9, 19tS. 

’ Director of X-ray Surveys, Division of Tuberculosis. 

* Chief, Division of Tuberculosis. 
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to find tliat a photofiuorogram read as nontiiberculous must bo shifted to the 
luberc\ilo\is category. As the whole follow-up program coaters on the cases 
v.-ith a sxin'cy reading of tuberculosis, it is believed that the technique maintains 
the most adequate tuberculosis control. 

IJriofiy, the program c.al!.s for the following: 

{/) Interview by a public lic-ilth nurse of nil cases interpreted as tuberculous except 
those inleriirctcd as "niinirnal, probably inactive”; (f) a reperjt roentgcnogr.im on M by 
17 film of nil c.'LS{5 designated ns ".mspect” tul>erculosis; (5) a repeat roentgenogram on 
I t by 17 film of nil eases classified “minimal, probably imaetive,” together with a clinical 
report from the foodlxnndlcr’s private physician or n chest clinic; (4) in .all other casas 
interpreted ns tuberculous, re{>orts from private physicians or died clinics rmi«t be sup- 
plied promptly on nt least tbreo consecutive so veniy-two -hour sputum concentrate?, on a 
M by 17 film, together with a sumintirj* of the history, piijTical findirsgs, diagnosis, rcconj- 
mendations and date of return for further obson'atiori. If sputum is not avnihible for 
study, nt least one culture of gastric contents is requiresi. 

If the rcqiiircnrcnts are not nret within (he prescribed period of time, and tire time 
\-aric5 with tire clnsrification and impression of nctiNoty, the foodiiaridier is Eevered ff\)m 
employment. An .attempt i? made to be understanding ratircr tluan .arbitrary', Init it i^ 
rigidly insisted tkal the slantiards he met. 
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1, 1947, complete follow-up studies are only available since that date. There- 
fore, the following data are based on 29,474 foodhandlers examined between 
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among Philadelphia foodhandlers according to race 
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Fig. 2. Prevalence of tuberculosis among Philadelphia foodhandlers according to age, 
race and sex. 


May 1, 1947, and January 31, 1948. Seven hundred and seventy-one (2.6 per 
cent) were classified as tuberculous or were shifted after further study to this 
category from the classification "suspect.” 
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There were 587 (76.1 per cent) minimal cases, which is in keeping with the 
usual preponderance of minimal cases in surve 3 '’s; 147 (19.1 per cent) moderately 
advanced; 20 (2.6 per cent) far advanced; and 17 (2.2 per cent) other tuberculous 
cases (figure 3). 

The writers are aware of the fallacj’^ of attempting to evaluate activity on the 
basis of a single film, but, for practical follow-up purposes, there is some virtue 
in estimating activity. There were 98 (0.3 per cent) films interpreted as “pi’ob- 
ably active.” Figures 4 and 5 illustrate the type of film thus classified. 

As of March 1, 1948, 66 cases have been hospitalized or have had hospitali- 
zation recommended. These represent 0.25 per cent of the total examined 
roentgen ographically or 10 per cent of the patients on whom follow-up is avail- 

MINIMAL 
76 . 1 % 


Fig. 3. Tuberculosis in Philadelphia foodhandlers according to stage and impression of 
activity. 

able. These figures should be considered in the light of the brevitj^ of follow-up. 
The longest period of follow-up is ten months while the shortest is thirtj’' days. 
During this time, 43 foodhandlers have had sputum or gastric washings reported 
to be positive for tubercle bacilli. 

There were 181 instances in ivhich severance was resorted to in connection 
with the foodhandlers examined during the period of the study (figure 6). Onb^ 
0.6 per cent of Philadelphia foodhandlers required severance from emplojunent. 
Of these, 68 were severed because of active tuberculosis. Of the 93 sei^ered 
because the 3 " were uncooperative in obtaining required studies, 14 had survej’- 
i-oentgenograms interpreted as “probably active.” These active cases were 
classified as 5 minimal, 7 nioderateb’- advanced, and 2 far advanced. iNTone of 
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these probabl}’- acti^"e cases has returned for reinstatement, but one is Icnown to 
ha\'-e been hospitalized for tuberculosis. Only 35 of those severed because of 
lack of cooperation in obtaining subsequent studies have been reinstated. That 
is, one-third cooperated when it became evident that their jobs depended on 
their cooperation. Of the 20 vho had been classified “suspect” on the miniature- 
films and who failed to report as requested for a 14 by 17 retake, 7 subsequently 



Fig, 4 Fig, 5 


Fig. 4. (left) L. W., 23-j'car-oId Negro woman dishwasher wlio had had cough for 3 -cars 
productive of small amount of sputum dail}’. Pain in left chest for one month before survc 3 ' 
film, September 16, 1947, which was read as far advanced, active. Sputum positive for 
tubercle bacilli and the patient was hospitalized October 4, 1947. 

Fig. 5. (right) S. S., 41-3-car-old Negro dishwasher. One month prior to survc 3 ' film 
had noted severe productive cough, e.xhaustion, fever and night sweats. Loss of 20 pounds 
over one month period. Surve 3 - film of September 5, 1947, revealed far advanced, active 
tuberculosis. Sputum positive for tubercle bacilli, patient hospitalized September 15, 
1947, died of pulmonar 3 - tuberculosis December 13, 1947. 

reported. Thus, on the ivhole, Philadelphia foodhandlers ma 3 ’- be looked upon 
as a cooperative group. This cooperation is attributed in large measure to 
the excellence of the public health nurses to whom is entrusted the dut\' of 
personall}^ interviewing each case interpreted as tuberculous. The interview 
conditions the whole subsequent attitude of these individuals. 

It is of interest to compare the sun'-e 3 ’- readings with the subsequent clinical 
diagnoses. In 147 of the 771 cases interpreted as tuberculous, no clinical diagno- 
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sis is yet available. This is a consequence of incomplete. studies in 106 cases, 
to lack of cooperation in 40 instances, and to death from a cerebral accident in 
one case. In the 624 foodhandlers on whom follow-up reports are available, the 
survej’’ impression of “tuberculosis” was confirmed in 473 instances, or 76 per 
cent. Sixty cases proved to be nontuberculous, 74 showed no abnormalities 
whatsoever and the balance are still diagnostic problems. 

As far as sun’-ey impression of activity was concerned, 63 per cent of the 
cases interpreted as “probably inactive” were confirmed clinically as “inactive,” 
50 per cent of those believed to be “probably active” were deemed “active,” 
while only 10 per cent of those designated “activity indeterminate” remained 



KUMBEtt 

TEE CENT 

NUWBER 

REINSTATED 

Active tuberculosis 

68 

0.2 

3 

Uncooperative 

Inadequate study 

93 

0.3 

35 

14 by 17 retakes 

20 

0.07 

7 



Total 

181 

0.6 

45 



Fig. 6. Analysis of severances to March 1, 1948 of 29,492 foodhandlers X-rayed between 
May 1, 1947 and January 31, 1948. 
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CENXBAI. COOPERATIVE CLINIC 


per cent 

per cent 

Hospitalized 

0.22 

0.3 

Positive sputum 

0.15* 

0.3t 

Active clinically 

0.3 

0.6 


* Most of these are on smear alone, 
t All proven by culture. 


Fig. 7. Comparisons of significant tuberculosis in routine and in Central Cooperative 
Clinic follow-up. 


in that category. It had been anticipated that careful clinical study would 
result in definition of the status of foodhandlers read as “activity indeterminate.” 

Clinical studies were conducted by 174 private physicians and 26 chest clinics. 
While the stated requirements outlined above were met, follow-up was not 
-always ideal. Because annual chest roentgenograms are required, it should 
ultimately be possible to evaluate the clinical follow-up. 

An interesting follow-up comparison is available in a survey of 2,622 food- 
handlers employed by a large Philadelphia restaurant chain. This organization 
requested installation of a mobile unit at its headquarters. Arrangements 
were made for routine follow-up of all cases interpreted as tuberculous at the 
Central Cooperative Clinic. This is a research project sponsored jointly by the 
United States Public Health Service, the Division of Tuberculosis of the De- 
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partment of Public Health of Philadelphia, Temple IMedical School and the 
Philadelphia Tuberculosis and Health Association. In the study the most 
meticulous methods available are used to follow approximately 500 sur^^ey 
cases interpreted as “probably tuberculous.” Clinical studies include obtaining 
a 14 bj’’ 17 stereoscopic chest roentgenogram and a single postero-anterior film 
eveiy three months, complete blood studies, physical examination, tuberculin 
and histoplasmin testing, sputum culture, repeated gastric washings cultures 
and special procedures such as bronchoscopy and the taking of lordotic films, 
planigrams, et cetera, when indicated. All patients return for study everj^ 
three months. The project is to be continued for 5 to 10 yeai-s. It may be 
considered, therefore, that the 87 foodhandJers referred to in this research 
project are receiving ideal follow-up studs'- without charge. Six have been un- 
cooperative so no follow-up on them is available. Of the 81 individuals on 
whom a follow-up is available, 80 have had the survey diagnosis of tuberculosis 
confirmed. Eight patients, or 0.3 per cent of the entire group, have had sputum 
or gastric washing culture positive for tubercle bacilli. In five instances direct 
examination of these specimens had revealed no tubercle bacilli. Seven pa- 
tients have been hospitalized and two of these have died of proved tuberculosis 
vithin sk months of the sur^'e 3 ^ Significant clinical tuberculosis was found in 
16 instances, which is 20 per cent of the cases designated as tuberculous on whom 
there have been follow-up studies and 0.6 per cent of the total group. The 
number of foodhandlers hospitalized was approximateJ}' the same in the group 
receiving routine follow-up and the gi'oup receiving Central Cooperative Clinic 
follow-up. Twice as many individuals, however, were found to have sputum or 
gastric contents positive for tubercle bacilli in the Central Cooperative group as 
in the routine group. In addition, ever 3 ’- positive report was substantiated by 
cultural methods in the Central Cooperative Clinic group. Twice as manj' 
foodhandlers were found to have active clinical disease in the Central Coopera- 
tive Clinic as in the other group, which suggests that meticulous follow-up would 
give a higher jdeld of active tuberculosis than has been obtained in routine smx'ej' 
follow-up (figure 7). 


DISCmSSION 

Certain problems, most of which are common to all surv'ej's, have presented 
themselves in the course of this emphasis on follow-up. For example: 

There are inherent difficulties in evaluating acti-vity in a given tuberculous 
lesion. 'UTiat constitutes adequate stud}-- of an asjmptomatic case discovered 
by surxey? 

What is the significance of a single direct sputum examination reported posi- 
tive for tubercle bacilli? It is believed that confirmation of such a finding bj’- 
culture should be required. 

What is the magnitude of the public health menace represented by an in- 
dmdual with unchanging roentgenographic findings, no sjmptoms, but -with 
an occasional specimen of sputum or gastric contents which is positive for culture? 
It is the present policy to recommend that such indi\nduals seek emplojanent 
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other than foodliandling, but there are some mental reservations as to the 
hazard they represent. 

The vTiters have been impressed by the number of radiologists who have 
been willing on a single 14 by 17 film to gi\'e a definite report regarding the 
stabilitj’' of a particular lesion. At the Central Cooperative Clinic, where 
stereoscopic 14 by 17 postero-antcrior films are exposed, it has frequently been 
demonstrated that just bj'' having the patient step aside and step back the change 
of position will cause the lesion to have a completelj’’ different appearance by 
roentgenogram or to disappear entirely behind a bony structure. Therefore, 
considerable effort has been expended in comparing films taken by clinicians 
with the surv'ey films and in corresponding with these physicians in an effort to 
convince them of the impossibility of judging stability on any single film. 

How can the clinician be educated to the public health importance of e.x- 
cluding tuberculosis in a given case? Certain ideas handed down from textbook 
to textbook persist in the minds of physicians. One of these is the extreme 
rarity of basal tuberculous lesions. Another is the notion that tuberculosis is a 
disease of young people. A third is the idea that active tuberculosis cannot be 
present without s3m3ptoms. 

SUMMART 

1. The prevalence of tuberculosis among Philadelphia foodhandlers, as inter- 
preted by roentgenographic suiwey technique w'as 2.3 per cent during the ten 
month period, AprU 1, 1947, to January 31, 1948. This is identical with the 
figure reported in 1946 for Philadelphia industrial workers. 

2. Of 771 foodhandlers whose survey films were interpreted as tuberculous, 
subsequent clinical reports w^ere available on 81 per cent after a period of follow- 
up varying from one to ten months. These reports confirmed the presence of 
tuberculosis in 76 per cent. 

3. Annual roentgenographic chest e.xaminations of Philadelphia foodhandlers 
has proved practicable. In the first nine months during which the perfected 
program has been in operation, it has resulted in the recommendation for hospital- 
ization of 66 active cases of tuberculosis. This represents 0.25 per cent of the 
foodhandlers examined roentgenographically. 

4. Because of Philadelphia’s legal requirements for the issuance of licenses 
to public eating and drinking places, it is possible to follow chest lesions more 
carefully in the group of foodhandlers than in any other population segment. 

5. Mass radiography is not merely a case-finding technique, but is a powerful 
method of education for both lay and professional groups. 

SUMAEIO 

Tuberculosis mire los Manipuladores de AUmenios 

1. A la luz de una encuesta radiogrdfica, la frecuencia de la tuberculosis entre 
los manipuladores de alimentos de Filadelfia representd 2.3 por ciento durante 
el perlodo de diez meses, de abril 1, 1947 a enero 1, 1948. Esta cifra es id4ntica 
a la comunicada en 1946 para los obreros de la ciudad. 
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2. De 771 manipuladores de alimentos euyas radiograflas fueron mterpre- 
tadas como tuberculosas durante la encuesta, bubo despu^s informes clinicos 
asequibles para 81 por ciento, tras un periodo de observacion que vari6 de uno 
a diez meses. Estos informes confirmaron la presencia de tuberculosis en 76 
por ciento. 

3. Los exdmenes radiograficos anuales del tdrax de los manipuladores de 
alimentos de Filadelfia ban resultado factibles. En los primeros nueve meses 
en que ha funcionado el sistema perfeccionado, ha becbo recomendar para 
bospitalizacidn a 66 casos activos de tuberculosis, lo cual representa 0.25 por 
ciento de los manipuladores examinados radiogr^ficamente. 

4. Debido a las disposiciones que gobiernan en Filadelfia la expedicidn de per- 
misos a los establecimientos pdblicos de comida 3’' bebida, es posible observar 
las lesiones toracicas con mas cuidado en el grupo de manipuladores de alimentos 
que en ningdn otro segmento de la poblacidn. 

5. La radiografia colectiva no es una mera tScnica para el descubrimiento de 
casos, sino tambien un poderoso medio educative para los grupos laico y pro- 
fesional. 
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“MYCOBACTERIUM TUBERCULOSIS NO. 607” AND SIMILAR 
DOUBTFUL TUBERCLE BACILLI 

A Review 

WALTER C. TOBIE* 

In 1932, Hastings and McCarter (9) called attention to the fact that the so- 
called Mycobacterium tuberculosis variety hominis No. 607 of the American 
Type Culture Collection does not have the characteristics of a true tubercle 
bacillus because of its nonpathogenicity and very rapid growth, including rapid 
growth on plain agar, a medium which does not ordinarily support the growth 
of tubercle baciUi. They also showed that the early history of this strain is 
very obscure, and that F. G. Novy (who was alleged to have brought it to the 
United States in 1888) actual^ acquired it from another source and always 
was in doubt about the strain, regarding it as being a saprophyte. They also 
showed that an alleged bovis strain. No. 599 of the American Type Culture 
Collection, had cultural characteristics very similar to those of No. 607. They 
therefore concluded that there was little or no reason for considering these two 
strains to be tubercle bacilli. 

Reed (20) later pointed out that the criteria applied by Hastings and McCar- 
ter were too strict, as the criterion of nonpathogenicity would rule out the at- 
tenuated bovine Calmette and Guerin (BCG) strain as a tubercle bacillus. 
Nevertheless, most of the other objections raised by Hastings and McCarter 
remained unanswered. 

The question of what constitutes a tubercle bacillus is fundamentally one of 
definition. It would seem reasonable to define the bacillus as one which is not 
markedly different in cultural characteristics from known pathogenic strains, 
and which either now or formerly is definitely Imown to have fulfilled Koch’s 
postulates and to have produced typical lesions in appropriate experimental 
animals. This definition is broad enough to include organisms of knovm history 
such as the BCG strain, but narrow enough to exclude strains such as No. 607 
and probably also No. 599. 

Despite the doubts raised by Hastings and McCarter (whose paper seems to 
have been generally overlooked), publications have continued to appear in 
which No. 607 is called Mycobacterium tuberculosis (4, 6, 7, 10, 17, 18, 19, 23, 
25) with little, if anj’-, qualification. A number of other papers could also be 
cited in which No. 607 was apparently'^ accepted as being a nonpathogenic, 
rapidly growing strain of human tubercle bacillus. In at least one case (21), 

No. 599 was accepted without apparent question as being an authentic bovine 
strain. 

A few workers have dealt with No. 607 with greater reserve. Thus Youmans 
(2p refers to it merely' as “National Tyrie Culture Collection organism 607, an 
avirulent rapidly growing acid-fast bacillus.” He found that No. 607 was 

' 15 Lincoln Avenue, Greenwich, Connecticut. 
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inhibited by much lower concentrations (roughly one-tenth as much) of sul- 
fanilamide, sulfathiazole, and sulfadiazine than the knowm virulent human 
strain H37Ilv, and com m ents on the possible fallac}’’ involved in using organisms 
such as No. 607 for in vitro tests of potential chemotherapeutic agents. In a 
recent paper on the action of penicillin on tubercle bacilli, Kirby and Dubos (13) 
mention that “No. 607, which is often used in studies of tubercle bacilli, does 
not fulfill the cultural and biological requirements of a true tubercle bacillus.” 

An older case in which either No. 607 or a very similar strain was used under a 
different designation, is in the series of ten papers by Kendall et oL, (1 1) . Among 
the organisms used was “culture W” obtained from Professor Tiffierry of the 
University of Cincinnati. It was rapidl 3 ’--growing and avirulent for guinea pigs, 
although allegedly originally a human tubercle bacillus, “a descendant of a 
culture from Koch’s laboratory, brought to this countrj’’ by Professor Vaughan 
of the University of Michigan.” The other characteristics which Kendall and 
co-workers give for their “W” strain are very suggestive of No. 607. In the 
first paper of the series, the authors franldy admit that two of the cultures used 
“particular! W, in virtue of their avirulence for guinea pigs, might be ques- 
tioned with respect to their authenticit}’" as human tubercle bacilli.” 

The literature also contains many papers in which no serial numbers or other 
definite strain designations are applied to alleged tubercle bacilli, which are 
merely vaguely characterized as “nonpathogenic rapidly growing human strain,” 
“rapidly growing avirulent strain,” “avinilent Novy strain of tubercle bacilli,” 
and the like. In many such cases, the organisms were undoubted!}’’ No. 607 or 
something similar, 

Gordon (now at the American Type Culture Collection) found among the 
acid-fast bacilli at Cornell Universitj’’ a culture labeled "Koch’s original strain” 
which nevertheless had the cultural characteristics of M. smefftnaiis. She also 
reports that “the ATCC strains Nos. 599 and 607 also have the characteristics 
of M. smeffmatis” (8). VTien the next edition of the American 13136 Culture 
Collection catalogue of cultures is issued, it is planned to indicate that Nos. 599 
and 607 differ from full}’- authenticated strains of ilf. tnbermlosis (8). 

The work of Kelner and Morton (12) may also be interpreted to indicate that 
No. 607 resembles M. smegmaiis more closel}’' than it does ilf. tuberculosis. 
From an actinom 3 ’’cete, they isolated what they called an anti-smegmatis factor, 
since it showed its highest actmt}' against a strain of ilf. smeginaiis (University 
of Pennsylvania strain P-49). The factor had onl}’’ a slight activity against 
ilf. tuberculosis variety bovis (Kavenel strain), but inhibited No. 607 at about the 
same high dilutions which were effective against their ilf. smegmatis. 

Additional evidence that No. 607 differs markedl}'- from ordinar}’’ tubercle 
bacilli is the fact that it is very insensitive to p-aminosalic 3 '’lic acid (PAS), at 
present being tested in e.xperimental tuberculous infections in animals (5, IS, 
26, 28) as well as being subjected to clinical trials (1, 3, 14, 15, 24) and which is 
extremel}* specific in inhibiting the groArth of true tubercle bacilli, both wrulent 
and nomirulent. Lehmann (14, 15) found that this compound inhibited the 
growth of the BCG strain at about 0.15 mg. per 100 cc. Strain H37Rv was 
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inhibited at the same concentration, but with No. 607 there was no inhibition 
at 150 mg. per 100 cc. (16). Sievers (22) found that 19 species (a total of 37 
strains) of pathogenic and nonpathogenic bacteria (other than mycobacteria) 
were inhibited only by 1.25 to 2.50 per cent of PAS, while 4 strains of human 
tubercle bacilli were inhibited at the same levels as reported by Lelimann. 

In a modified Ivirchner medium containing TAveen SO and albumin (similar to 
the medium used by Dubos (2)), IMiitc (26) found that the resulting diffuse sub- 
surface growth of No. 607 Avas not inhibited by 128 mg. of PAS per 100 cc. of 
medium. On the other hand, the virulent human strain H37Ilv and the aviru- 
lent human strains H37Ra, RlRa, H4Ra, and JHlORa, as AA^ell as the virulent 
boA'ine strain D4 and the aAurulent BCG, were inhibited by 0.25 mg. of PAS per 
100 cc. or even considerably less. 

Youmans and associates (28) reported that one bovine and 17 human strains 
of tubercle bacilli (some of which were resistant to streptomycin) were inhibited 
by concentrations of O.OS mg. of PAS per 100 cc. or even less, while one avian 
strain was inhibited by 0.025 mg. per 100 cc. On the other hand. No. 607 Avas 
highly resistant to PAS, growth occurring even at concentrations of 100 mg. 
per 100 cc. 


SUMMARY 

A large amount of eAudence has now accumulated indicating that culture No. 
607 of the American Type Culture Collection differs markedly from true tubercle 
bacilli and has a strong resemblance to M. smegtnalis. Culture No. 599 also 
resembles M. smegmatis. Accordingly, it seems desirable that these strains 
(and similar rapidly growing aAdrulent strains) should no longer be called M. 
tuberculosis. Experimental work with such strains under this name tends to 
confuse rather than to clarify Icnowledge of the true tubercle bacilli. It is 
theoretically conceivable that in the course of repeated subculturing a tubercle 
bacillus might not only lose its pathogenicity but might also acquire the ability 
to grow rapidly on media which do not ordinarily support tubercle bacilli. 
The burden of proof rests upon the users of such strains, however, and in a 
great majority of cases such organisms at present in experimental use are prob- 
ably only misnamed saprophytes. 


suaiARio 

El “Mycdbacierium Tuberculosis No. 607” y los Bacilos Tuberculosos Dudosos 

Semejantes 

Un caudal de datos ya acopiados indica que el cultivo No. 607 de la Coleccidn 
Americana de Cultivos Tipos discrepa notablemente de los verdaderos bacilos 
toberculosos, guardando una poderosa semejanza al M. smegmatis. El Cultivo 
■No, 599 tambidn se parece al smegmatis. Parece, pues, conveniente que dichas 
cepas (y cepas avirulentas semejantes de rdpido desarrollo) no sean ya mas 
enominadas M. tuberculosis. La experimentacidn llevada a cabo con dichas 
cepas bajo tal nombre enreada mds bien que esclarece nuestros conocimientos de 
os verdaderos bacilos tuberculosos. Tedricamente, es concebible que, en el 



696 


WALTER C. TOBIE 


transcurso de repetidos subcultivos, un bacilo tuberculoso puede no tan s6Io 
perder su patogenicidad sino tambi&i adquirir la capacidad para desarroUarse 
rdpidamente en medios que no suelen sostener bacHos tuberculosis. Sin em- 
bargo, la prueba dicho fendmeno corresponde a los que emplean tales bacilos, 
siendo lo mds probable que en la gran mayoria de los casos los microbios de ese 
gdnero usados aetualmente para ejq)eriinentaci6n no sean mas que saprofitos 
bautizados errdneamente. 
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LETTERS TO THE EDITORS 

CYTOCHEMICAL REACTION OF VIRULENT TUBERCLE BACILLI 


October 7, 1948 

To the Editors of the American Reinew of Tuberculosis: 

Our attempts to identify the cellular structures of tubercle bacilli which enable them 
to multiply in animal tissues have led us to recognize a cytochemical propert}' of the bac- 
terial cells which appears to be correlated with ^^rulence, This correlation has been es- 
tablished by comparing the belia^r toward the cytochemical test of cultures of human, 
bovine, and avian bacilli of various degrees of virulence. 

Cultures of virulent tubercle bacilli are known to give rise to variant forms which are 
incapable of producing progressive disease in e.vperimental animals; for example, the 
variant culture, H37Ra, derived from the xdrulent human strain, H37Rv, cannot establish 
infection either in guinea pigs (Steenken, W., Jr., and Gardner, L. U., Am. Rev. Tuberc., 
1946, 62) or in mice (Pierce, C., Dubos, R. J., and hCddlebrook, G., J. Exper. Med., 
1947, 86, 159). All attempts to differentiate qualitatively between these two variant 
forms by immunolo^eal reactions have so far failed. On the other hand, it has been rec- 
ognized that there exist constant and striking morphological differences between the pat- 
tern of growth of virulent and awulent cultures of mammalian tubercle bacilli. In the 
virulent forms, the cells have a tendency to orient themselves in parallel in the direction of 
their long axis, often adliering to each other to give long serpentine “cords” ; the markedly 
attenuated forms, on the contrarj% grow in a nonoriented manner (Middlebrook, G., 
Dubos, R. J., and Pierce, C., J. Exper. Med., 947, 86, 175), 

The cytochemical test which differentiates these two forms is carried out as follows: 

The washed bacterial cells are resuspended in an aqueous solution of 5 per cent sodium 
chloride and 1 per cent sodium barbiturate (or other adequate alkaline buffer). To this 
alkaline suspension is then added a small amount of aqueous solution of the basic dj^e, 
neutral red, and the system is observed at room temperature. 

Because of the alkalinitj’’ of the medium, the solution of dye immediately becomes 
yellow. However, within a few minutes after exposme to the dye, the cells of H37Rv 
(virulent) be^ to bind it and this binding is assocbted with a change of the dye from 
yellow to purple red. The process usuallj' runs to completion witlun thirty minutes. At 
that time, the djm remaining in solution is yellow, whereas that fixed on or in the cells is 
bright red, despite the e.xtreme alkalinit}' of the medium. In the case of H37Ra (abru- 
lent), no significant fi.xation of the dj'e occurs and the cells are colored yellow like the 
soluble medium. 

The amount of dye fixed by H37Rv is of the order of 1 per cent of the dry weight of the 
cells. If the concentration of the dye used in the test is such tliat the ratio of weight of 
cells to weight of dye is too small, all the dye is fi.xed by the cells in the red state and the 
supemate becomes colorless. 

Many unrelated substances can mask the reaction, in particular, various components of 
bacteriological media. For tliis reason it is essential that for optimum results the test be 
carried out with cells washed free of these masking substances. We liave found, in prac- 
tice, that the best results are obtained with cells previously treated by two consecutive 
washings with 50 per cent mctlianol, the ceils being maintained each time for one hour 
at 37° C. in the solvent before being separated by centrifugation. 
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There is not as yet sufficient chemical information available to warrant an interpreta- 
tion of the obsen'ed facts. Nevertheless the stud)' of 22 human and bovine strains of 
tubercle bacilli, including attenuated BCG strains, seems to justify the conclusion that 
the ability to bind neutral red in the form of its anion is characteristic of those cultures 
which e.xhibit to a greater or lesser degree the serpentine pattern of growth. 

Rene J. Ddbos 

GA-UDNER iSIlDDLEBROOK 

The Rockefeller Institute for Medical Research 
New York Cinr 



SEKOLOGIC EEACTION IN TUBERCULOSIS 

October 7, 194S 

To the Editors of the American Review of Tuberculosis: 

While investigating antigenic components of tubercle bacilli and their reactions with 
the sera of experimental animals, we have observed that a water-soluble component of 
extracts of tubercle bacilli and of Old Tuberculin preparations can be firmly adsorbed onto 
sheep red blood corpuscles. Red cells treated in this way, we have found, are agglutinated 
by sera from rabbits prevdously injected with tubercle bacilli and by the sera of patients 
with active tuberculosis. Detailed description and analysis of this phenomenon will be 
presented in a forthcoming issue of the Journal of Experimental Medicine. 

The teclmique of preparing the reagents and performing this test may be briefly de- 
scribed as follows. An appropriate volume of washed, packed sheep red cells is added to 
an excess of isotonic, neutral, dialyzed solution of a crude polj^saccharide fraction of 
tubercle bacilli such as can be prepared by extracting the bacilli with aqueous dibasic 
phosphate solution after exhaustive e.xtraction with S8 per cent phenol solution. The 
red cells are incubated in suspension with this ex-tract and thereby adsorb the polysac- 
charide material. (V ery small amounts of such material will sensitize sheep erjdhrocytes.) 
Then, the red cells are washed with isotonic saline to remove any material not firmly 
adsorbed onto them. Finally, they are suspended in 0.5 per cent concentration in saline 
and used as agglutinogen in the hemagglutination test. 

The serum to be tested is first heated to inactivate complement and then treated twice, 
each time with appro.ximately one-fifth of its volume of washed, packed, unsensitized 
sheep red cells, in order to remove any antibodies which might agglutinvate the untreated 
cells. 

The hemagglutination test is performed by adding to dilutions (1:8 to 1:1024) of 
absorbed serum an equal volume of 0.5 per cent suspension of the sensitized red cells. 
Appropriate controls consisting of unsensitized red cells in the lowest dilution of scrum 
and of sensitized red cells in saline, or in a serum known to be negative, are included in 
each test. 

The possibility that clinical application of tliis test may be of value as an aid in the 
diagnosis of tuberculosis, as well as in following the serum antibodj' titre against specific 
components of the tubercle bacillus during the course of therapy, prompts us to write 
this letter. 

We possess no information as to the bearing of the test upon resistance to the disease, 
or as to its significance as a measure of “activity” of the infection. We should like to 
point out, however, that its high degree of sensiti\dty, its reproducibility and its case 
of performance give it some advantage over other t3'pes of serological reactions winch 
have been available in the past for the detection and measurement of antibodies in human 
beings against polj'saccharide components of the tubercle bacillus. Furthermore, at 
least two characteristics of this test are of clinical interest: (/) no false positive reactions 
have been obsen-ed with sera }*ielding positive reactions for sjTjhilis; and (5) the sera of 
healthy indinduals with high skin sensitivitj- to tuberculin (and mthout evidence 
of clinical tuberculosis) fail to agglutinate the specificallj' sensitized red cells. 

Gaedner hlinDLunnooK 
Rene J. Dotos 

The Rockefelleb Institote for Medical Research 
New York Citt 
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AMERICAN TRUDEAU SOCIETY 
Postgraduate Courses in Pulmonary Diseases 

The following postgraduate courses in pulmonary diseases are scheduled for the first 
half of 1949 by the American Trudeau Society, Medical Section of the National Tubercu- 
losis Association. This program is conducted under the auspices of eight regional com- 
mittees, covering all states, and the provinces of Canada, in cooperation with the medical 
schools of leading universities. 

Applications may be obtained from the American Trudeau Society, 1790 Broadway, 
New York 19, New York. These courses are generally oversubscribed and physicians 
interested in applying are urged to request application forms as early as possible. 

By special arrangement with the Department of Medicine and Surgery of the Veterans 
Administration, physicians employed by that agency are invited to participate. The 
request for detail to these courses originates in the branch and regional oflices of the 
Veterans Administration and duplicate applications are required. 

Physicians applying under Public Law 346, (G I Bill) should so state when filing appli- 
cations with the Society. 

January 24-29, 1949 Region VII comprising the states of: Washington, Oregon, 
Los Angeles, California California, Idaho, and Nevada; and the provinces of Alberta 

and British Columbia, Canada. This one week course will 
be held in cooperation with the College of Medical Evangelists, 
the University of Southern California School of Medicine, and 
the University of California at Los Angeles Medical School. 

Tuition— $50.00 


■ March 7-12, 1949 Region V comprising the states of: Ohio, Indiana, Michigan, 

Indianapolis, Indiana Illinois, Wisconsin, Missouri, Iowa and Minnesota; and the 

provinces of Manitoba and Saskatchewan, Canada. This one 
week course will be held in cooperation with Indiana University 
School of Medicine. 

Tuition— $50.00 


March 13-26, 1949 
New Orleans, Louisiana 


April 4-9, 1949 
Atlanta, Georgia 


July-August, 1949 
Denver, Colorado 


Region IV comprising the states of: Alabama, Arkansas, 
Louisiana, Missippi, Oklahoma and Texas. This two week 
course will be held in cooperation with Tulane University 
of Louisiana School of Medicine and Louisiana State Univer- 
sity. 

Tuition — $100.00 

Region III comprising the states of: Maryland, Virginia, 
West Virginia, Kentucky, Tennessee, North Carolina, South 
Carolina, Georgia, Florida and the District of Columbia. 
This one week course will be held in cooperation with Emory 
University School of Medicine. 

Tuition — $50.00 

Region VI comprising the states of: Colorado, North Dakota, 
South Dakota, Nebraska, Kansas, New Mexico, Arizona, Utah, 
Wyoming and Montana. This two week course will be held in 
cooperation with the University of Colorado School of Medi- 
cine. 
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Region VIII is pianiung a course at Saranac Lake, N. Y., 
chiefij'- for physicians from Northern Netr York and the Cana- 
dian Province of Quebec., This Trill be held in cooperation 
Trith medical schools of the area and The Trudeau Sanatorium. 
The dates have not yet been announced but information irill 
be sent to those requesting it when available. 

Special attention is directed to the following course for general practitioners which is 
being given in cooperation with The St. Louis University School of Medicine, January 17, 
18, 19, 1949. Applications for this course should be obtained from the E.vecutive Secre- 
tary of the Missouri Trudeau Society, 411 North 10th Street, Room 505, St. Louis 1, 
[Missouri. 

This is the second course for general practitioners included in the American Trudeau 
Society’s program of postgraduate opportunities. There foDows a summaiy^ of some of the 
subjects to be presented by leaders in the field of pulmonarj' disease: 

Symptomatology in Chronic Pulmonary Disease — Practical evaluation of cough, pain, 
hemoptysis and d 3 ’spnea. Julius L. Wilson, M.D., Professor of Clinical Medicine, 
Tulane University School of Medicine; Head of Section on Chest Diseases, Ochsner 
Clinic, New Orleans, La. 

Physical E.\nmjnation of the Chest— its limitations. Paul Murphj', M.D., Assistant 
Professor of Clinical Medicine, St. Louis University School of Medicine, St. Louis, Mo. 
Chest Films— how to obtain satisfactory ones. Don C. Weir, M.D., Senior Instructor in 
Radiologj', St. Louis University School of Medicine, St. Louis, Mo. 

Skin Tests— their importance in the diagnosis of lung diseases. Herbert L. Mantz, M.D., 
Tuberculosis Controller, Kansas City, Mo., Consultant in Tuberculosis, Veterans Ad- 
ministration. 

The Five Cardinal Points in the Diagnosis of Clinical Pulmonary’ Tuberculosis, George 
D. Kettelkamp, M.D., Medical Director, Robert Koch Hospital; Assistant Professor of 
Clinical Medicine, Washington University School of Medicine, St, Louis, Mo. 

Basic Concepts and Objectives in the Treatment of Pulmonarj' Tuberculosis. Carl 
Muschenheim, M.D,, Associate Professor of Clinical Medicine, Cornell University Med- 
ical College, New York, N. Y. (Dr. Muschenheim also will speak on "Stroptomj’cin in 
the Treatment of Tuberculosis.”) 

Among other subjects to be presented are: extra pulmonary tuberculosis, special prob- 
lems in the management of tuberculosis such as pregnanej’, diabetes, sj'philis, surgical 
operations; tuberculous pleuris 3 ' with effusion, its management from the standpoint of 
avoiding subsequent phthisis; public health aspects of pulmonar 3 ’ tuberculosis, mass 
X-T&y surger 3 ’, tuberculin testing, general h 3 ’giene; the pneunioni.as, practical points in 
the diagnosis and management; bronchiectasis; empyema thoracis; bronchogenic carci- 
noma; mediastinal tumors; m 3 ’cotic diseases of the lung; the pneumoconioses; use of 
oxygen thcrap 3 ’, and rare diseases of the lung. 


Spring or 
Summer, 1949 
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